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METHODS OF DETECTION, DIAGNOSIS,
AND MONITORING USING ANTI-DLL3
ANTIBODIES

CROSS REFERENCED APPLICATIONS

This application claims priority from U.S. Provisional
Application No. 61/603,173 filed on Feb. 24,2012, and U.S.
Provisional Application No. 61/719,803 filed on Oct. 29,
2012 each of which is incorporated herein by reference in its
entirety.

SEQUENCE LISTING

The instant application contains a sequence listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Feb. 19, 2013, is named 11200.0013-
00304_SL.txt and is 381,637 bytes in size.

FIELD OF THE INVENTION

This application generally relates to novel compounds,
compositions and methods of their use in diagnosing, pre-
venting, treating or ameliorating proliferative disorders and
any expansion, recurrence, relapse or metastasis thereof. In a
broad aspect, the present invention relates to the use of delta-
like ligand 3 (DLL3) modulators, including anti-DLL3 anti-
bodies and fusion constructs, for the treatment, diagnosis or
prophylaxis of neoplastic disorders. Selected embodiments
of the present invention provide for the use of such DLL3
modulators, including antibody drug conjugates, for the
immunotherapeutic treatment of malignancies preferably
comprising a reduction in tumor initiating cell frequency.

BACKGROUND OF THE INVENTION

Stem and progenitor cell differentiation and cell prolifera-
tion are normal ongoing processes that act in concert to sup-
port tissue growth during organogenesis and cell replacement
and repair of most tissues during the lifetime of all living
organisms. In the normal course of events cellular differen-
tiation and proliferation is controlled by numerous factors
and signals that are generally balanced to maintain cell fate
decisions and tissue architecture. Thus, to a large extent it is
this controlled microenvironment that regulates cell division
and tissue maturation where signals are properly generated
based on the needs of the organism. In this regard cell prolif-
eration and differentiation normally occurs only as necessary
for the replacement of damaged or dying cells or for growth.
Unfortunately, disruption of cell proliferation and/or differ-
entiation can result from a myriad of factors including, for
example, the under- or overabundance of various signaling
chemicals, the presence of altered microenvironments,
genetic mutations or some combination thereof. When nor-
mal cellular proliferation and/or differentiation is disturbed
or somehow disrupted it can lead to various diseases or dis-
orders including proliferative disorders such as cancer.

Conventional treatments for cancer include chemotherapy,
radiotherapy, surgery, immunotherapy (e.g., biological
response modifiers, vaccines or targeted therapeutics) or
combinations thereof. Unfortunately, certain cancers are non-
responsive or minimally responsive to such treatments. For
example, in some patients tumors exhibit gene mutations that
render them non-responsive despite the general effectiveness
of selected therapies. Moreover, depending on the type of
cancer and what form it takes some available treatments, such
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as surgery, may not be viable alternatives. Limitations inher-
ent in current standard of care therapeutics are particularly
evident when attempting to treat patients who have under-
gone previous treatments and have subsequently relapsed. In
such cases the failed therapeutic regimens and resulting
patient deterioration may contribute to refractory tumors
which often manifest themselves as a relatively aggressive
disease that ultimately proves to be incurable. Although there
have been great improvements in the diagnosis and treatment
of cancer over the years, overall survival rates for many solid
tumors have remained largely unchanged due to the failure of
existing therapies to prevent relapse, tumor recurrence and
metastases. Thus, it remains a challenge to develop more
targeted and potent therapies for proliferative disorders.

SUMMARY OF THE INVENTION

These and other objectives are provided for by the present
invention which, in a broad sense, is directed to methods,
compounds, compositions and articles of manufacture that
may be used in the treatment of DLL3 associated disorders
(e.g., proliferative disorders or neoplastic disorders). To that
end, the present invention provides novel Delta-like ligand 3
(or DLL3) modulators that effectively target tumor cells and/
or cancer stem cells and may be used to treat patients sufter-
ing from a wide variety of malignancies. As will be discussed
in more detail herein, there are at least two naturally occurring
DLL3 isoforms or variants and the disclosed modulators may
comprise or associate selectively with one isoform or the
other or with both. Moreover, in certain embodiments the
disclosed DLL3 modulators may further react with one or
more DLL family members (e.g., DLL1 or DLL4) or, in other
embodiments, may be generated and selected for so as to
exclusively associate or react with one or more DLL3 iso-
forms. In any event the modulators may comprise any com-
pound that recognizes, competes, agonizes, antagonizes,
interacts, binds or associates with a DLL3 genotypic or phe-
notypic determinant (or fragment thereof) and modulates,
adjusts, alters, regulates, changes or modifies the impact of
the DLL3 protein on one or more physiological pathways
and/or eliminates DLL3 associated cells. Thus, in a broad
sense the present invention is generally directed to isolated
DLL3 modulators and uses thereof. In preferred embodi-
ments the invention is more particularly directed to isolated
DLL3 modulators comprising antibodies (i.e., antibodies that
immunopreferentially bind, react with or associate with at
least one isoform of DLIL3) that, in particularly preferred
embodiments, are associated or conjugated to one or more
cytotoxic agents. Moreover, as discussed extensively below,
such modulators may be used to provide pharmaceutical
compositions useful for the prophylaxis, diagnosis or treat-
ment of proliferative disorders including cancer.

In selected embodiments of the invention, DLL3 modula-
tors may comprise a DLL3 polypeptide or fragments thereof,
either in an isolated form or fused or associated with other
moieties (e.g., Fe-DLL3, PEG-DLL3 or DLL3 associated
with a targeting moiety). In other selected embodiments
DLL3 modulators may comprise DLL3 antagonists which,
for the purposes of the instant application, shall be held to
mean any construct or compound that recognizes, competes,
interacts, binds or associates with DLL3 and neutralizes,
eliminates, reduces, sensitizes, reprograms, inhibits or con-
trols the growth of neoplastic cells including tumor initiating
cells. In preferred embodiments the DLL3 modulators of the
instant invention comprise anti-DLL3 antibodies, or frag-
ments or derivatives thereof, that have unexpectedly been
found to silence, neutralize, reduce, decrease, deplete, mod-
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erate, diminish, reprogram, eliminate, or otherwise inhibit the
ability of tumor initiating cells to propagate, maintain,
expand, proliferate or otherwise facilitate the survival, recur-
rence, regeneration and/or metastasis of neoplastic cells. In
particularly preferred embodiments the antibodies or immu-
noreactive fragments may be associated with, or conjugated
to, one or more anti-cancer agents (e.g., a cytotoxic agent).

With regard to such modulators it will be appreciated that
compatible antibodies may take on any one of a number of
forms including, for example, polyclonal and monoclonal
antibodies, chimeric, CDR grafted, humanized and human
antibodies and immunoreactive fragments and/or variants of
each of the foregoing. Preferred embodiments will comprise
antibodies that are relatively non-immunogenic such as
humanized or fully human constructs. Of course, in view of
the instant disclosure those skilled in the art could readily
identify one or more complementarity determining regions
(CDRs) associated with heavy and light chain variable
regions of DLL3 antibody modulators and use those CDRs to
engineer or fabricate chimeric, humanized or CDR grafted
antibodies without undue experimentation. Accordingly, in
certain preferred embodiments the DLLL.3 modulator com-
prises an antibody that incorporates one or more complemen-
tarity determining regions (CDRs) as defined in FIGS. 11A
and 11B and derived from the light (FIG. 11A) or heavy (FIG.
11B) contiguous chain murine variable regions (SEQ ID
NOS: 20-203) set forth therein. Such CDR grafted variable
regions are also shown in FIG. 11 comprising SEQ ID NOS:
204-213. In preferred embodiments such antibodies will
comprise monoclonal antibodies and, in even more preferred
embodiments, will comprise chimeric, CDR grafted or
humanized antibodies.

Exemplary nucleic acid sequences encoding each of the
amino acid sequences set forth in FIGS. 11A and 11B are
appended hereto in the sequence listing and comprise SEQ ID
NOS: 22010 413. In this respect it will be appreciated that the
invention further comprises nucleic acid molecules (and asso-
ciated constructs, vectors and host cells) encoding disclosed
antibody variable region amino acid sequences including
those set forth in the attached sequence listing. More particu-
larly in selected embodiments compatible DL.L.3 modulators
may comprise an antibody having a light chain variable
region and a heavy chain variable region wherein said light
chain variable region comprises an amino acid sequence hav-
ing at least 60% identity to an amino acid sequence selected
from the group consisting of amino acid sequences as set forth
in SEQIDNO: 20, SEQ ID NO: 22, SEQID NO: 24, SEQID
NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32,
SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID
NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID
NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID NO: 60,
SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID
NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, SEQ ID NO: 74,
SEQ ID NO: 76, SEQ ID NO: 78 SEQ ID NO: 80, SEQ ID
NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88,
SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 94, SEQ ID
NO: 96, SEQIDNO: 98, SEQID NO: 100, SEQ ID NO: 102,
SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, SEQ
IDNO: 110,SEQIDNO: 112, SEQIDNO: 114, SEQ ID NO:
116, SEQ ID NO: 118, SEQ ID NO: 120, SEQ ID NO: 122,
SEQ ID NO: 124, SEQID NO: 126, SEQ ID NO: 128, SEQ
IDNO: 130, SEQIDNO: 132, SEQIDNO: 134, SEQ ID NO:
136, SEQ ID NO: 138, SEQ ID NO: 140, SEQ ID NO: 142,
SEQ ID NO: 144, SEQ ID NO: 146, SEQ ID NO: 148, SEQ
IDNO: 150, SEQIDNO: 152, SEQIDNO: 154, SEQ ID NO:
156, SEQ ID NO: 158, SEQ ID NO: 160, SEQ ID NO: 162
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SEQ ID NO: 164, SEQ ID NO: 166, SEQ ID NO: 168, SEQ
IDNO:170,SEQIDNO: 172, SEQIDNO: 174, SEQID NO:
176, SEQ ID NO: 178, SEQ ID NO: 180, SEQ ID NO: 182,
SEQ ID NO: 184, SEQ ID NO: 186, SEQ ID NO: 188, SEQ
IDNO:190,SEQIDNO: 192, SEQIDNO: 194, SEQIDNO:
196, SEQIDNO: 198, SEQ ID NO: 200 and SEQ ID NO: 202
and wherein said heavy chain variable region comprises an
amino acid sequence having at least 60% identity to an amino
acid sequence selected from the group consisting of amino
acid sequences as set forth in SEQ ID NO: 21, SEQ ID NO:
23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ
IDNO:31,SEQIDNO: 33, SEQIDNO: 35, SEQIDNO: 37,
SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43, SEQ ID
NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID NO: 51,
SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID
NO: 59, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 65,
SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID NO: 71, SEQ ID
NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79,
SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID
NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93,
SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID
NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:
107, SEQ ID NO: 109, SEQ ID NO: 111, SEQ ID NO: 113,
SEQ ID NO: 115, SEQ ID NO: 117, SEQ ID NO: 119, SEQ
IDNO: 121, SEQIDNO: 123, SEQID NO: 125, SEQID NO:
127, SEQ ID NO: 129, SEQ ID NO: 131, SEQ ID NO: 133,
SEQ ID NO: 135, SEQ ID NO: 137, SEQ ID NO: 139, SEQ
IDNO: 141, SEQIDNO: 143, SEQ ID NO: 145, SEQID NO:
147, SEQ ID NO: 149, SEQ ID NO: 151, SEQ ID NO: 153,
SEQ ID NO: 155, SEQ ID NO: 157, SEQ ID NO: 159, SEQ
IDNO:161,SEQIDNO: 163, SEQID NO: 165, SEQIDNO:
167, SEQ ID NO: 169, SEQ ID NO: 171, SEQ ID NO: 173,
SEQ ID NO: 175, SEQ ID NO: 177, SEQ ID NO: 179, SEQ
IDNO: 181, SEQIDNO: 183, SEQID NO: 185, SEQIDNO:
187, SEQ ID NO: 189, SEQ ID NO: 191, SEQ ID NO: 193,
SEQ ID NO: 195, SEQ ID NO: 197, SEQ ID NO: 199, SEQ
ID NO: 201 and SEQ ID NO: 203. In other preferred embodi-
ments the selected modulators will comprise heavy and light
chain variable regions that comprise 65, 70, 75 or 80% iden-
tity to the aforementioned murine sequences. In still other
embodiments the modulators will comprise heavy and light
chain variable regions that comprise 85, 90 or even 95%
identity to the disclosed murine sequences.

In other preferred embodiments the selected modulators
will comprise one or more CDRs obtained from any of the
foregoing light and heavy chain variable region amino acid
sequences. Accordingly, selected embodiments of the inven-
tion include a DLL3 modulator comprising one or more
CDRs from any one of SEQ ID NOS; 20 to 203. In still other
embodiments the modulators of the instant invention will
comprise any antibody or immunoreactive fragment thereof
that competes for binding with any of the foregoing modula-
tors.

Another aspect of the invention comprises modulators
obtained or derived from SC16.3, SC16.4, SC16.5, SC16.7,
SC16.8, SC16.10, SC16.11, SC16.13, SC16.15, SC16.18,
SC16.19, SC16.20, SC16.21, SC16.22, SC16.23, SC16.25,
SC16.26, SC16.29, SC16.30, SC16.31, SC16.34, SC16.35,
SC16.36, SC16.38, SC16.39, SC16.41, SC16.42, SC16.45,
SC16.47, SC16.49, SC16.50, SC16.52, SC16.55, SC16.56,
SC16.57, SC16.58, SC16.61, SC16.62, SC16.63, SC16.65,
SC16.67, SC16.68, SC16.72, SC16.73, SC16.78, SC16.79,
SC16.80, SC16.81, SC16.84, 8C16.88, SC16.101,
SC16.103, SC16.104, SC16.105, SC16.106, SC16.107,
SC16.108, SC16.109, SC16.110, SC16.111, SC16.113,
SC16.114, SC16.115, SC16.116, SC16.117, SC16.118,
SC16.120, SC16.121, SC16.122, SC16.123, SC16.124,
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SC16.125, SC16.126, SC16.129, SC16.130, SC16.131,
SC16.132, SC16.133, SC16.134, SC16.135, SC16.136,
SC16.137, SC16.138, SC16.139, SC16.140, SC16.141,
SC16.142, SC16.143, SC16.144, SC16.147, SC16.148,

SC16.149 and SC16.150. In other embodiments the invention
will comprise a DLL3 modulator having one or more CDRs
from any of the aforementioned modulators.

In yet other compatible embodiments the instant invention
will comprise the CDR grafted or humanized DL.L.3 modula-
tors hSC16.13, hSC16.15, hSC16.25, hSC16.34 and
hSC16.56. Still other embodiments are directed to a DLL3
modulator comprising a humanized antibody wherein said
humanized antibody comprises a light chain variable region
and a heavy chain variable region wherein said light chain
variable region comprises an amino acid sequence having at
least 60% identity to an amino acid sequence selected from
the group consisting of amino acid sequences as set forth in
SEQ ID NO: 204, SEQ ID NO: 206, SEQ ID NO: 208, SEQ
ID NO: 210 and SEQ ID NO: 212 and wherein said heavy
chain variable region comprises an amino acid sequence hav-
ing at least 60% identity to an amino acid sequence selected
from the group consisting of amino acid sequences as set forth
in SEQIDNO: 205, SEQID NO: 207, SEQID NO: 209, SEQ
ID NO: 211 and SEQ ID NO: 213. Moreover, as described
immediately above nucleic acid sequences encoding the
humanized heavy and light chain variable regions are set forth
in the attached sequence listing as SEQ ID NOS: 404-413.

Besides the aforementioned aspects, other preferred
embodiments of the instant invention will comprise DLL3
modulators associated or conjugated to one or more drugs to
provide modulator conjugates that may be particularly effec-
tive in treating proliferative disorders (alone or in combina-
tion with other pharmaceutically active agents). More gener-
ally, once the modulators of the invention have been
fabricated and selected they may be linked with, fused to,
conjugated to (e.g., covalently or non-covalently) or other-
wise associated with pharmaceutically active or diagnostic
moieties or biocompatible modifiers. As used herein the term
“conjugate” or “modulator conjugate” or “antibody conju-
gate” will be used broadly and held to mean any biologically
active or detectable molecule or drug associated with the
disclosed modulators regardless of the method of association.
Inthis respect it will be understood that such conjugates may,
in addition to the disclosed modulators, comprise peptides,
polypeptides, proteins, prodrugs which are metabolized to an
active agent in vivo, polymers, nucleic acid molecules, small
molecules, binding agents, mimetic agents, synthetic drugs,
inorganic molecules, organic molecules and radioisotopes.
Moreover, as indicated above the selected conjugate may be
covalently or non-covalently associated with, or linked to, the
modulator and exhibit various stoichiometric molar ratios
depending, at least in part, on the method used to effect the
conjugation.

Particularly preferred aspects of the instant invention will
comprise antibody modulator conjugates or antibody-drug
conjugates that may be used for the diagnosis and/or treat-
ment of proliferative disorders. Such conjugates may be rep-
resented by the formula M-[L-D]n where M stands for a
disclosed modulator or target binding moiety, L is an optional
linker or linker unit, D is a compatible drug or prodrug and n
is an integer from about 1 to about 20. It will be appreciated
that, unless otherwise dictated by context, the terms “anti-
body-drug conjugate” or “ADC” or the formula M-[L-D]n
shall be held to encompass conjugates comprising both thera-
peutic and diagnostic moieties. In such embodiments anti-
body-drug conjugate compounds will typically comprise
anti-DLL3 as the modulator unit (M), a therapeutic or diag-
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nostic moiety (D), and optionally a linker (L) that joins the
drug and the antigen binding agent. In a preferred embodi-
ment, the antibody is a DLL3 mAb comprising at least one
CDR from the heavy and light chain variable regions as
described above.

As previously indicated one aspect of the invention may
comprise the unexpected therapeutic association of DLL3
polypeptides with cancer stem cells. Thus, in certain other
embodiments the invention will comprise a DLL3 modulator
that reduces the frequency of tumor initiating cells upon
administration to a subject. Preferably the reduction in fre-
quency will be determined using in vitro or in vive limiting
dilution analysis. In particularly preferred embodiments such
analysis may be conducted using in vivo limiting dilution
analysis comprising transplant of live human tumor cells into
immunocompromised mice (e.g., see Example 17 below).
Alternatively, the limiting dilution analysis may be conducted
using in vitro limiting dilution analysis comprising limiting
dilution deposition of live human tumor cells into in vitro
colony supporting conditions. In either case, the analysis,
calculation or quantification of the reduction in frequency
will preferably comprise the use of Poisson distribution sta-
tistics to provide an accurate accounting. It will be appreci-
ated that, while such quantification methods are preferred,
other, less labor intensive methodologies such as flow cytom-
etry or immunohistochemistry may also be used to provide
the desired values and, accordingly, are expressly contem-
plated as being within the scope of the instant invention. In
such cases the reduction in frequency may be determined
using flow cytometric analysis or immunohistochemical
detection of tumor cell surface markers known to enrich for
tumor initiating cells.

As such, another preferred embodiment of the instant
invention comprises a method of treating a DLL3 associated
disorder comprising administering a therapeutically effective
amount of a DLL3 modulator to a subject in need thereof
whereby the frequency of tumor initiating cells is reduced.
Preferably the DLL3 associated disorder comprises a neo-
plastic disorder. Again, the reduction in the tumor initiating
cell frequency will preferably be determined using in vitro or
in vivo limiting dilution analysis.

In this regard it will be appreciated that the present inven-
tion is based, at least in part, upon the discovery that DLL3
immunogens are therapeutically associated with tumor per-
petuating cells (i.e., cancer stem cells) that are involved in the
etiology of various proliferative disorders including neopla-
sia. More specifically, the instant application unexpectedly
demonstrates that the administration of various exemplary
DLL3 modulators can mediate, reduce, deplete, inhibit or
eliminate tumorigenic signaling by tumor initiating cells (i.e.,
reduce the frequency of tumor initiating cells). This reduced
signaling, whether by depletion, neutralization, reduction,
elimination, reprogramming or silencing of the tumor initiat-
ing cells or by modifying tumor cell morphology (e.g.,
induced differentiation, niche disruption), in turn allows for
the more effective treatment of DLL3 associated disorders by
inhibiting tumorigenesis, tumor maintenance, expansion and/
or metastasis and recurrence.

Besides the aforementioned association with cancer stem
cells, there is evidence that DLL3 isoforms may be implicated
in the growth, recurrence or metastatic potential of tumors
comprising or exhibiting neuroendocrine features or determi-
nants (genotypic or phenotypic). For the purposes of the
instant invention such tumors will comprise neuroendocrine
tumors and pseudo neuroendocrine tumors. Intervention in
the proliferation of such tumorigenic cells using the novel
DLL3 modulators described herein, may thereby ameliorate
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or treat a disorder by more than one mechanism (e.g., tumor
initiating cell reduction and disruption of oncogenic pathway
signaling) to provide additive or synergistic effects. Still other
preferred embodiments may take advantage of the cellular
internalization of cell surface DLL3 protein to deliver a
modulator mediated anti-cancer agent. In this regard it will be
appreciated that the present invention is not limited by any
particular mechanism of action but rather encompasses the
broad use of the disclosed modulators to treat DLL3 associ-
ated disorders (including various neoplasia).

Thus, in other embodiments the present invention will
comprise the use of the disclosed modulators to treat tumors
comprising neuroendocrine features in a subject in need
thereof. Of course the same modulators may be used for the
prophylaxis, prognosis, diagnosis, theragnosis, inhibition or
maintenance therapy of these same tumors.

Other facets of the instant invention exploit the ability of
the disclosed modulators to potentially disrupt oncogenic
pathways (e.g., Notch) while simultaneously silencing tumor
initiating cells. Such multi-active DLL3 modulators (e.g.,
DLL3 antagonists) may prove to be particularly effective
when used in combination with standard of care anti-cancer
agents or debulking agents. Accordingly preferred embodi-
ments of the instant invention comprise using the disclosed
modulators as anti-metastatic agents for maintenance therapy
following initial treatments. In addition, two or more DLL3
antagonists (e.g. antibodies that specifically bind to two dis-
crete epitopes on DLL3) may be used in combination in
accordance with the present teachings. Moreover, as dis-
cussed in some detail below, the DLL3 modulators of the
present invention may be used in a conjugated or unconju-
gated state and, optionally, as a sensitizing agent in combina-
tion with a variety of chemical or biological anti-cancer
agents.

Accordingly another preferred embodiment of the instant
invention comprises a method of sensitizing a tumor in a
subject for treatment with an anti-cancer agent comprising
the step of administering a DLL3 modulator to said subject.
Other embodiments comprise a method of reducing metasta-
sis or tumor recurrence following treatment comprising
administering a DLL3 modulator to a subject in need thereof.
In a particularly preferred aspect of the invention the DLL3
modulator will specifically result in a reduction of tumor
initiating cell frequency is as determined using in vitro or in
vivo limiting dilution analysis.

More generally preferred embodiments of the invention
comprise a method of treating a DLL3 associated disorder in
a subject in need thereof comprising the step of administering
a DLL3 modulator to the subject. In particularly preferred
embodiments the DLL3 modulator will be associated (e.g.,
conjugated) with an anti-cancer agent. In yet other embodi-
ments the DLL3 modulator will internalize following asso-
ciation or binding with DLL3 on or near the surface of the
cell. Moreover the beneficial aspects of the instant invention,
including any disruption of signaling pathways and collateral
benefits, may be achieved whether the subject tumor tissue
exhibits elevated levels of DLL3 or reduced or depressed
levels of DLL3 as compared with normal adjacent tissue.
Particularly preferred embodiments will comprise the treat-
ment of disorders exhibiting elevated levels of DLL3 on tum-
origenic cells as compared to normal tissue or non-tumori-
genic cells.

In yet another aspect the present invention will comprise a
method of treating a subject suffering from neoplastic disor-
der comprising the step of administering a therapeutically
effective amount of at least one internalizing DIL[.3 modula-
tor. Preferred embodiments will comprise the administration
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of'internalizing antibody modulators wherein the modulators
are conjugated or associated with a cytotoxic agent.

Other embodiments are directed to a method of treating a
subject suffering from a DLL3 associated disorder compris-
ing the step of administering a therapeutically effective
amount of at least one depleting DLL.3 modulator.

In yet another embodiment the present invention provides
methods of maintenance therapy wherein the disclosed effec-
tors or modulators are administered over a period of time
following an initial procedure (e.g., chemotherapeutic, radia-
tion or surgery) designed to remove at least a portion of the
tumor mass. Such therapeutic maintenance regimens may be
administered over a period of weeks, a period of months or
even a period of years wherein the DLL3 modulators may act
prophylactically to inhibit metastasis and/or tumor recur-
rence. In yet other embodiments the disclosed modulators
may be administrated in concert with known debulking regi-
mens to prevent or retard metastasis, tumor maintenance or
recurrence.

As previously alluded to the DLL3 modulators of the
instant invention may be fabricated and/or selected to react
with both isoform(s) of DLL3 or a single isoform of the
protein or, conversely, may comprise a pan-DLIL modulator
that reacts or associates with at least one additional DLL
family member in addition to DLL3. More specifically, pre-
ferred modulators such as antibodies may be generated and
selected so that they react with domains (or epitopes therein)
that are exhibited by DLL3 only or with domains that are at
least somewhat conserved across multiple or all DLL family
members.

In yet other preferred embodiments the modulators will
associate or bind to a specific epitope, portion, motif or
domain of DLL3. As will be discussed in some detail below,
both DLL3 isoforms incorporate an identical extracellular
region (see FIG. 1F) comprising at least an N-terminal
domain, a DSL (Delta/Serrate/lag-2) domain and six EGF-
like domains (i.e., EGF1-EGF6). Accordingly, in certain
embodiments the modulators will bind or associate with the
N-terminal domain of DLL3 (i.e. amino acids 27-175 in the
mature protein) while in other selected embodiments the
modulators will associate with the DSL domain (i.e. amino
acids 176-215) or epitope therein. Other aspects of the instant
invention comprise modulators that associate or bind to a
specific epitope located in a particular EGF-like domain of
DLL3. In this regard the particular modulator may associate
or bind to an epitope located in EGF1 (amino acids 216-249),
EGF2 (amino acids 274-310), EGF3 (amino acids 312-351),
EGF4 (amino acids 353-389), EGFS5 (amino acids 391-427)
or EGF6 (amino acids 429-465). Of course it will be appre-
ciated that each of the aforementioned domains may com-
prise more than one epitope and/or more than one bin. In
particularly preferred embodiments the invention will com-
prise a modulator that binds, reacts or associates with the DSL
domain or an epitope therein. In other preferred embodiments
the invention will comprise modulators that bind, react or
associate with a particular EGF-like domain or an epitope
therein. In yet other preferred embodiments the modulators
will bind, react or associate with the N-terminal domain or an
epitope therein.

With regard to modulator or antibody “bins” it will be
appreciated that the DLL3 antigen may be analyzed or
mapped through competitive antibody binding using art-rec-
ognized techniques to define specific bins located on or along
the protein. While discussed in more detail herein and shown
in Examples 9 and 10 below, two antibodies (one of which
may be termed a “reference antibody,” “bin delineating anti-
body” or “delineating antibody’’) may be considered to be in
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the same bin if they compete with each other for binding to the
target antigen. In such cases the subject antibody epitopes
may be identical, substantially identical or close enough (ei-
ther in a linear sense where they are separated by a few amino
acids or conformationally) so that both antibodies are steri-
cally or electrostatically inhibited or precluded from binding
to the antigen. Such defined bins may be generally associated
with certain DLL3 domains (e.g. the reference antibody will
bind with an epitope contained in a specific domain) though
the correlation is not always precise (e.g., there may be more
than one bin in a domain or the bin may be defined confor-
mationally and comprise more than one domain). It will be
appreciated that those skilled in the art can readily determine
the relationship between the DLLL.3 domains and empirically
determined bins.

With regard to the present invention competitive binding
analysis using art-recognized techniques (e.g., ELISA, sur-
face plasmon resonance or bio-layer interferometry) defined
at least nine distinct bins, each of which was found to contain
a number of antibody modulators. For the purposes of the
instant disclosure the nine bins were termed bin A to bin I.
Thus, in selected embodiments the present invention will
comprise a modulator residing in a bin selected from the
group consisting of bin A, bin B, bin C, bin D, bin E, bin F, bin
G, bin H and bin [. In other embodiments the present inven-
tion comprise a modulator residing in a bin defined by a
reference antibody selected from the group consisting of
SC16.3, SCl16.4, SC16.5, SC16.7, SC16.8, SC16.10,
SC16.11, SC16.13, SC16.15, SC16.18, SC16.19, SC16.20,
SC16.21, SC16.22, SC16.23, SC16.25, SC16.26, SC16.29,
SC16.30, SC16.31, SC16.34, SC16.35, SC16.36, SC16.38,
SC16.39, SC16.41, SC16.42, SC16.45, SC16.47, SC16.49,
SC16.50, SC16.52, SC16.55, SC16.56, SC16.57, SC16.58,
SC16.61, SC16.62, SC16.63, SC16.65, SC16.67, SC16.68,

SC16.72, SC16.73, SC16.78, SC16.79, SC16.80, SC16.81,
SC16.84, SC16.88, SC16.101, SC16.103, SC16.104,
SC16.105, SC16.106, SC16.107, SC16.108, SC16.109,
SC16.110, SC16.111, SC16.113, SC16.114, SC16.115,
SC16.116, SC16.117, SC16.118, SC16.120, SC16.121,
SC16.122, SC16.123, SC16.124, SC16.125, SC16.126,
SC16.129, SC16.130, SC16.131, SC16.132, SC16.133,
SC16.134, SC16.135, SC16.136, SC16.137, SC16.138,
SC16.139, SC16.140, SC16.141, SC16.142, SC16.143,
SC16.144, SC16.147, SC16.148, SC16.149 and SC16.150.

In still other embodiments the invention will comprise modu-
lators from bin A, modulators from bin B, modulators from
bin C, modulators from bin D, modulators from bin E, modu-
lators from bin F, modulators from bin G, modulators from
bin H or modulators from bin I. Yet other preferred embodi-
ments will comprise a reference antibody modulator and any
antibody that competes with the reference antibody.

The term “compete” or “competing antibody” when used
in the context of the disclosed modulators means binding
competition between antibodies as determined by an assay in
which a reference antibody or immunologically functional
fragment substantially prevents or inhibits (e.g., greater than
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85% or
90%) specific binding of a test antibody to a common antigen.
Compatible methods for determining such competition com-
prise art known techniques such as, for example, bio-layer
interferometry, surface plasmon resonance, flow cytometry,
competitive ELISA, etc.

Besides the aforementioned modulators, in selected
embodiments the invention comprises a pan-DLL modulator
that associates with DLL3 and at least one other DLL family
member. In other selected embodiments the invention com-
prises a DLL3 modulator that immunospecifically associates
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with one or more isoform of DLL3 but does not immunospe-
cifically associate with any other DLL family member. In yet
other embodiments the present invention comprises a method
oftreating a subject in need thereof comprising administering
a therapeutically effective amount of a pan-DLL modulator.
Still other embodiments comprise a method of treating a
subject in need thereof comprising administering a therapeu-
tically effective amount of a DLL3 modulator that immuno-
specifically associates with one or more isoforms of DLL3
but does not immunospecifically associate with any other
DLL family member.

Beyond the therapeutic uses discussed above it will also be
appreciated that the modulators of the instant invention may
be used to detect, diagnose or classify DLL3 related disorders
and, in particular, proliferative disorders. They may also be
used in the prognosis and/or theragnosis of such disorders. In
some embodiments the modulator may be administered to the
subject and detected or monitored in vivo. Those of skill in the
art will appreciate that such modulators may be labeled or
associated with effectors, markers or reporters as disclosed
below and detected using any one of a number of standard
techniques (e.g., MRI, CAT scan, PET scan, etc.).

Thus, in some embodiments the invention will comprise a
method of diagnosing, detecting or monitoring a DLL3 asso-
ciated disorder in vivo in a subject in need thereof comprising
the step of administering a DLL.3 modulator.

In other instances the modulators may be used inan in vitro
diagnostic setting using art-recognized procedures (e.g.,
immunohistochemistry or IHC). As such, a preferred embodi-
ment comprises a method of diagnosing a hyperproliferative
disorder in a subject in need thereof comprising the steps of:

a. obtaining a tissue sample from said subject;

b. contacting the tissue sample with at least one DLL3

modulator; and

c. detecting or quantifying the DL.I.3 modulator associated

with the sample.

Such methods may be easily discerned in conjunction with
the instant application and may be readily performed using
generally available commercial technology such as automatic
plate readers, dedicated reporter systems, etc. In selected
embodiments the DLL3 modulator will be associated with
tumor perpetuating cells (i.e., cancer stem cells) present in the
sample. In other preferred embodiments the detecting or
quantifying step will comprise a reduction of tumor initiating
cell frequency which may be monitored as described herein.

In a similar vein the present invention also provides kits or
devices and associated methods that are useful in the diagno-
sis and monitoring of DLL3 associated disorders such as
cancer. To this end the present invention preferably provides
an article of manufacture useful for detecting, diagnosing or
treating DLL3 associated disorders comprising a receptacle
containing a DLL.3 modulator and instructional materials for
using said DLL3 modulator to treat, monitor or diagnose the
DLL3 associated disorder. In selected embodiments the
devices and associated methods will comprise the step of
contacting at least one circulating tumor cell.

Other preferred embodiments of the invention also exploit
the properties of the disclosed modulators as an instrument
useful for identifying, characterizing, isolating, sectioning or
enriching populations or subpopulations of tumor initiating
cells through methods such as immunohistochemistry, flow
cytometric analysis including fluorescence activated cell sort-
ing (FACS) or laser mediated sectioning.

As such, another preferred embodiment of the instant
invention is directed to a method of identifying, isolating,
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sectioning or enriching a population of tumor initiating cells
comprising the step of contacting said tumor initiating cells
with a DLL3 modulator.

The foregoing is a summary and thus contains, by neces-
sity, simplifications, generalizations, and omissions of detail;
consequently, those skilled in the art will appreciate that the
summary is illustrative only and is not intended to be in any
way limiting. Other aspects, features, and advantages of the
methods, compositions and/or devices and/or other subject
matter described herein will become apparent in the teachings
set forth herein. The summary is provided to introduce a
selection of concepts in a simplified form that are further
described below in the Detailed Description. This summary is
not intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used as an
aid in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1F are various representations of DLL3 includ-
ing nucleic acid or amino acid sequences wherein full length
mRNAs containing the ORFs (underlined) encoding DLL3
isoforms are depicted in FIGS. 1A and 1B (SEQ ID NOS: 1
and 2), FIGS. 1C and 1D provide the translation of the ORFs
denoted in FIGS. 1A and 1B (SEQ ID NOS: 3 and 4), respec-
tively, with underlined residues indicating the predicted
transmembrane spanning domain for each protein isoform,
FIG. 1E depicts the alignment of the two protein isoforms to
illustrate the sequence differences in the cytoplasmic termini
of'each isoform, again with the underlined residues indicating
the predicted transmembrane spanning domain and FIG. 1F
provides a schematic representation of the extracellular
region of DLL3 protein illustrating the positions of the vari-
ous domains;

FIGS. 2A and 2B are tabular representations of the percent
identity at the protein level between DLL3 and other Delta-
like family members in the human genome (FIG. 2A), or the
closest human isoform of DLL3 and rhesus monkey, mouse
and rat DLL3 proteins (FIG. 2B);

FIG. 3 schematically illustrates genetic interactions
between several “master” genes relevant to cell fate choices
leading to either neuroendocrine or non-neuroendocrine phe-
notypes (arrows indicating promotion of gene expression and
barred arrows indicating inhibition of gene expression), in
which the expression of the transcription factor ASCL1 both
initiates a gene cascade (open arrow) leading to a neuroen-
docrine phenotype while simultaneously activating DLL3,
which in turn suppresses NOTCHI1 and its effector HES1,
both of which are normally responsible for the suppression of
ASCL1 and the activation of gene cascades leading to a
non-neuroendocrine phenotype;

FIGS. 4A and 4B are tabular (FIG. 4A) and graphical (FIG.
4B) depictions of gene expression levels of DLL3 and, in FIG.
4A, other Notch pathway genes or genes associated with a
neuroendocrine phenotype as measured using whole tran-
scriptome (SOLiD) sequencing of RNA derived from tumor
cell subpopulations or normal tissues;

FIG. 5 is a graphical depiction of the relative expression
levels of DLLIL3 mRNA transcript variants 1 and 2 as deter-
mined by whole transcriptome (SOLiD) sequencing in
selected non-traditional xenograft (NTX) tumors derived
from lung cancers;

FIGS. 6 A-6D show gene expression data and clustering of
tumors exhibiting neuroendocrine features wherein FIG. 6A
depicts unsupervised clustering of microarray profiles for 46
tumor lines and 2 normal tissues comprising selected tumors
and normal control tissues, FIGS. 6B and 6C are tabular
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representations of normalized intensity values corresponding
to relative expression levels of selected genes related to neu-
roendocrine phenotypes (FIG. 6B) or the Notch signaling
pathway (FIG. 6C) wherein unshaded cells and relatively low
numbers indicate little to no expression and darker cells and
relatively higher numbers indicate higher expression levels
and FIG. 6D is a graphical representation showing relative
expression levels of HES6 mRNA in various tumors and
normal tissues as measured using qRT-PCR;

FIG. 7 is a graphical representation showing relative
expression levels of DLL3 transcripts as measured by qRT-
PCR in a variety of RNA samples isolated from normal tis-
sues, primary, unpassaged patient tumor specimens (denoted
with “p0”), or bulk NTX tumors derived from lung, kidney
and ovarian neoplasia wherein specific NTX lung tumors are
grouped by small cell lung cancer (SCLC) and non-small cell
Iung cancer (NSCLC) (denoted with p1, p2, p3 or p4 to reflect
the number of passages through mice), wherein the tumor
type is denoted using the abbreviations set forth above;

FIGS. 8A-8C are graphical representations showing the
relative (FIG. 8A) or absolute (FIG. 8B) gene expression
levels of human DLL3 as measured by qRT-PCR in whole
tumor specimens (grey dot) or matched normal adjacent tis-
sue (NAT; white dot) from patients with one of eighteen
different solid tumor types while FIG. 8C shows the relative
protein expression of human DLL3 as measured using an
electrochemiluminescent sandwich ELISA assay;

FIG. 9 provides graphical representations of flow cytom-
etry-based determination of surface protein expression of
various Notch receptors and ligands (e.g., DLL1, DLL4) in
individual human tumor cell populations derived from kid-
ney, ovarian and small cell lung NTX tumors, displayed as
histogram plots (black line) referenced to fluorescence minus
one (FMO) isotype-control stained population (solid gray)
with indicated mean fluorescence intensities (MFI);

FIGS. 10A-10D provide, respectively, the cDNA sequence
(FIG. 10A; SEQ ID NO: 5) and the amino acid sequence
(FIG. 10B; SEQ ID NO: 6) encoding mature murine DLL3
protein cloned into a lentiviral expression vector and the
c¢DNA sequence (FIG. 10C; SEQ ID NO:7) and the amino
acid sequence (FIG. 10D; SEQ ID NO: 8) encoding mature
cynomolgus DLL3 protein cloned into a lentiviral expression
vector where the vectors are used to generate cells overex-
pressing murine and cynomolgus DLL3;

FIGS. 11A and 11B provide, in a tabular form, contiguous
amino acid sequences (SEQ ID NOS: 20-213) of light and
heavy chain variable regions of a number of murine and
humanized exemplary DLL3 modulators isolated, cloned and
engineered as described in the Examples herein;

FIG. 12 sets forth biochemical and immunological proper-
ties of exemplary DLL3 modulators as well as their ability to
kill KDY66 NTX cell in vitro as represented in a tabular
format;

FIGS. 13A-13C illustrate binding characteristics of
selected modulators wherein FIGS. 13A and 13B show com-
parative binding characteristics of a selected murine modu-
lator and its humanized counterpart using surface plasmon
resonance while FIG. 13C provides certain properties of
humanized constructs in a tabular form;

FIGS. 14A and 14B depict, in schematic and graphical
form respectively, the results of domain level mapping analy-
sis of exemplary DLL3 modulators isolated, cloned and engi-
neered as described in the Examples herein (FIG. 14A) and a
correlation between the binding domain of selected modula-
tors and the ability to kill DLL3 expressing KDY66 NTX
cells in vitro (FIG. 14B);
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FIGS. 15A-15C are flow cytometry histograms showing
DLL3 expression using the exemplary anti-DLL3 modulator
SC16.56 on naive 293 cells (FIG. 15A), 293 cells engineered
to over-express human DLL3 proteins (h293-hDLL3; FIG.
15B) or 293 cells engineered to over-express murine DLL3
protein (h293-mDLIL3; FIG. 15C);

FIGS. 16A-16F comprise flow cytometry histograms
(FIGS. 16A-16C) and immunohistochemistry results in a
tabular form (FIGS. 16D-16F) illustrating, respectively, rela-
tively high surface expression of DLL3 using the exemplary
anti-DLL3 modulator SC16.56 on live human cells from
ovary (OV26; FIG. 16A), kidney (KDY 66; FIG. 16B) and a
lung large cell neuroendocrine carcinoma (LU37; FIG. 16C)
NTX tumors and the expression of DLL3 protein in various
NTX tumors (FIG. 16D) and primary small cell carcinoma
(FIG. 16F) tumor cells while demonstrating that normal tis-
sue lack DLL3 expression (FIG. 16E);

FIGS.17A-17C illustrate the ability of the disclosed modu-
lators to effectively direct cytotoxic payloads to cells express-
ing DLL3 wherein FIG. 17A documents the ability of exem-
plary modulators to kill KDY66 NTX tumors or 293 cells
overexpressing hDLL3, and FIGS. 17B and 17C demonstrate
the ability of disclosed modulators to deliver cytotoxic pay-
loads to OV26 (FIG. 17B) and LU37 (FIG. 17C) where the
downward sloping curve is indicative of cell killing through
internalized cytotoxin;

FIGS. 18A-18E illustrate various properties of the dis-
closed modulators wherein FIGS. 18A and 18C demonstrate
by flow cytometry that DLL3 NSHP KDY66 and naive
KDY 66 have expression of DLL3 while expression of DLL3
was efficiently knocked down in DLL3HP2 KDY 66 cells,
FIG. 18B shows that growth of DLL3HP2 tumor cells lags
behind naive KDY 66 cells and FIGS. 18D and 18E demon-
strate that conjugated embodiments of the instant invention
immunospecifically target and kill KDY 66 expressing DLL3
tumor cells but not KDY 66 with DLL3 knocked down;

FIGS. 19A-19C show the ability of selected conjugated
embodiments of the present invention to kill and/or suppress
growth of exemplary lung tumorigenic cells in vivo;

FIGS. 20A-20F depict the ability of conjugated modula-
tors of the instant invention to substantially eradicate tumors
and prevent tumor recurrence in vivo—achieving durable
remissions in immunodeficient mice engrafted with exem-
plary ovarian (FIG. 20A), lung (FIGS. 20B-20D) and kidney
tumors (FIGS. 20E and 20F); and

FIGS. 21A-21F demonstrate that conjugated modulators
of the instant invention reduce the frequency of cancer stem
cells as determined by alimiting dilution assay (LLDA) for two
exemplary small cell lung tumors, LU9S (FIGS. 21A-21C)
and LU64 (FIGS. 21D-21F) where FIGS. 21 A and 21D show
the effect of the conjugates on tumor growth, FIGS. 21B and
21E show the results of the LDA and FIGS. 21C and 21F
graphically present the reduction in cancer stem cell fre-
quency brought about by treatment with the selected anti-
DLL3 antibody conjugate.

DETAILED DESCRIPTION OF THE INVENTION
1. Introduction

While the present invention may be embodied in many
different forms, disclosed herein are specific illustrative
embodiments thereof that exemplify the principles of the
invention. It should be emphasized that the present invention
is not limited to the specific embodiments illustrated. More-
over, any section headings used herein are for organizational
purposes only and are not to be construed as limiting the
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subject matter described. Finally, for the purposes of the
instant disclosure all identifying sequence Accession num-
bers may be found in the NCBI Reference Sequence (RefSeq)
database and/or the NCBI GenBank® archival sequence
database unless otherwise noted.

As discussed above it has surprisingly been found that
DLL3 genotypic and/or phenotypic determinants are associ-
ated with various proliferative disorders, including neoplasia
exhibiting neuroendocrine features, and that DLL.3 and vari-
ants or isoforms thereof provide useful tumor markers which
may be exploited in the treatment of related diseases. More-
over, as shown in the instant application it has unexpectedly
been found that DLL3 markers or determinants such as cell
surface DLL3 protein are therapeutically associated with can-
cer stem cells (also known as tumor perpetuating cells) and
may be effectively exploited to eliminate or silence the same.
The ability to selectively reduce or eliminate cancer stem
cells (e.g., through the use of conjugated DLL3 modulators)
is particularly surprising in that such cells are known to gen-
erally be resistant to many conventional treatments. That is,
the effectiveness of traditional, as well as more recent tar-
geted treatment methods, is often limited by the existence
and/or emergence of resistant cancer stem cells that are
capable of perpetuating tumor growth even in face of these
diverse treatment methods. Further, determinants associated
with cancer stem cells often make poor therapeutic targets
due to low or inconsistent expression, failure to remain asso-
ciated with the tumorigenic cell or failure to present at the cell
surface. In sharp contrast to the teachings of the prior art, the
instantly disclosed compounds and methods effectively over-
come this inherent resistance and to specifically eliminate,
deplete, silence or promote the differentiation of such cancer
stem cells thereby negating their ability to sustain or re-
induce the underlying tumor growth. Moreover, as expression
of DLL3 protein has largely been associated with intracellu-
lar locations such as the Golgi, it was uncertain that pheno-
typic determinants could be successfully exploited as a thera-
peutic target as taught herein.

Thus, it is particularly remarkable that DLL3 modulators
such as those disclosed herein may advantageously be used in
the prognosis, diagnosis, theragnosis, treatment and/or pre-
vention of selected proliferative (e.g., neoplastic) disorders in
subjects in need thereof. It will be appreciated that, while
preferred embodiments of the invention will be discussed
extensively below, particularly in terms of particular
domains, regions or epitopes or in the context of cancer stem
cells or tumors comprising neuroendocrine features and their
interactions with the disclosed modulators, those skilled in
the art will appreciate that the scope of the instant invention is
not limited by such exemplary embodiments. Rather, the
most expansive embodiments of the present invention and the
appended claims are broadly and expressly directed to DLL3
modulators (including conjugated modulators) and their use
in the prognosis, diagnosis, theragnosis, treatment and/or pre-
vention of a variety of DLL3 associated or mediated disor-
ders, including neoplastic or cell proliferative disorders,
regardless of any particular mechanism of action or specifi-
cally targeted tumor, cellular or molecular component.

To that end, and as demonstrated in the instant application,
it has unexpectedly been found that the disclosed DLL3
modulators can effectively be used to target and eliminate or
otherwise incapacitate proliferative or tumorigenic cells and
treat DLL3 associated disorders (e.g., neoplasia). As used
herein a “DLL3 associated disorder” shall be held to mean
any disorder or disease (including proliferative disorders) that
is marked, diagnosed, detected or identified by a phenotypic
or genotypic aberration of DLL3 genetic components or
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expression (“DLL3 determinant™) during the course or etiol-
ogy of the disease or disorder. In this regard a DL.L.3 pheno-
typic aberration or determinant may, for example, comprise
elevated or depressed levels of DLL3 protein expression,
abnormal DLL3 protein expression on certain definable cell
populations or abnormal DLL3 protein expression at an inap-
propriate phase or stage of a cell lifecycle. Of course, it will be
appreciated that similar expression patterns of genotypic
determinants (e.g., mRNA transcription levels) of DLL3 may
also be used to classify, detect or treat DLL3 disorders.

As used herein the term “determinant” or “DLL3 determi-
nant” shall mean any detectable trait, property, marker or
factor that is identifiably associated with, or specifically
found in or on a particular cell, cell population or tissue
including those identified in or on a tissue, cell or cell popu-
lation affected by a DLL3 associated disease or disorder. In
selected preferred embodiments the DLLL3 modulators may
associate, bind or react directly with the DLL3 determinant
(e.g., cell surface DLL3 protein or DLL.3 mRNA) and thereby
ameliorate the disorder. More generally determinants may be
morphological, functional or biochemical in nature and may
be genotypic or phenotypic. In other preferred embodiments
the determinant is a cell surface antigen or genetic component
that is differentially or preferentially expressed (or is not) by
specific cell types (e.g., cancer stem cells) or by cells under
certain conditions (e.g., during specific points of the cell cycle
or cells in a particular niche). In still other preferred embodi-
ments the determinant may comprise a gene or genetic entity
that is differently regulated (up or down) in a specific cell or
discrete cell population, a gene that is differentially modified
with regard to its physical structure and chemical composi-
tion or a protein or collection of proteins physically associ-
ated with a gene that show differential chemical modifica-
tions. Determinants contemplated herein are specifically held
to be positive or negative and may denote a cell, cell subpopu-
lation or tissue (e.g., tumors) by its presence (positive) or
absence (negative).

In a similar vein “DLL3 modulators” of the invention
broadly comprise any compound that recognizes, reacts,
competes, antagonizes, interacts, binds, agonizes, or associ-
ates with a DLL3 variant or isoform (or specific domains,
regions or epitopes thereof) or its genetic component. By
these interactions, the DL.L.3 modulators may advantageously
eliminate, reduce or moderate the frequency, activity, recur-
rence, metastasis or mobility of tumorigenic cells (e.g., tumor
perpetuating cells or cancer stem cells). Exemplary modula-
tors disclosed herein comprise nucleotides, oligonucleotides,
polynucleotides, peptides or polypeptides. In certain pre-
ferred embodiments the selected modulators will comprise
antibodies to a DLL3 protein isoform or immunoreactive
fragments or derivatives thereof. Such antibodies may be
antagonistic or agonistic in nature and may optionally be
conjugated or associated with a therapeutic or diagnostic
agent. Moreover, such antibodies or antibody fragments may
comprise depleting, neutralizing or internalizing antibodies.
In other embodiments, modulators within the instant inven-
tion will constitute a DLL3 construct comprising a DLL3
isoform or a reactive fragment thereof. It will be appreciated
that such constructs may comprise fusion proteins and can
include reactive domains from other polypeptides such as
immunoglobulins or biological response modifiers. In still
other aspects, the DLL3 modulator will comprise a nucleic
acid moiety (e.g. miRNA, siRNA, shRNA, antisense con-
structs, etc.) that exerts the desired effects at a genomic level.
Still other modulators compatible with the instant teachings
will be discussed in detail below.
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More generally DLL3 modulators of the present invention
broadly comprise any compound that recognizes, reacts,
competes, antagonizes, interacts, binds, agonizes, or associ-
ates with a DLL3 determinant (genotypic or phenotypic)
including cell surface DLL3 protein. Whichever form of
modulator is ultimately selected it will preferably be in an
isolated and purified state prior to introduction into a subject.
In this regard the term “isolated DL.L.3 modulator” or “iso-
lated DLL3 antibody” shall be construed in a broad sense and
in accordance with standard pharmaceutical practice to mean
any preparation or composition comprising the modulator in
a state substantially free of unwanted contaminants (biologi-
cal or otherwise). Moreover these preparations may be puri-
fied and formulated as desired using various art-recognized
techniques. Of course, it will be appreciated that such “iso-
lated” preparations may be intentionally formulated or com-
bined with inert or active ingredients as desired to improve the
commercial, manufacturing or therapeutic aspects of the fin-
ished product and provide pharmaceutical compositions. In a
broader sense the same general considerations may be
applied to an “isolated” DLL3 isoform or variant or an “iso-
lated” nucleic acid encoding the same.

Further, it has surprisingly been found that modulators
interacting, associating or binding to particular DLL3
domains, motifs or epitopes are especially effective in elimi-
nating tumorigenic cells and/or silencing or attenuating can-
cer stem cell influences on tumor growth or propagation. That
is, while modulators that react or associate with domains that
are proximal to the cell surface (e.g., one of the EGF-like
domains) are effective in depleting or neutralizing tumori-
genic cells it has unexpectedly been discovered that modula-
tors associating or binding to domains, motifs or regions that
are relatively more distal to the cell surface are also effective
in eliminating, neutralizing, depleting or silencing tumori-
genic cells. In particular, and as shown in the appended
Examples, it has been discovered that modulators that react,
associate or bind to the DSL or N-terminal regions of the
DLL3 protein are surprisingly effective at eliminating or neu-
tralizing tumorigenic cells including those exhibiting neu-
roendocrine features and/or cancer stem cells. This is espe-
cially true of conjugated modulators such as, for example,
anti-DLL3 antibody drug conjugates comprising a cytotoxic
agent. As such, it will be appreciated that certain preferred
embodiments of the instant invention are directed to com-
pounds, compositions and methods that comprise DLL3
modulators which associate, bind or react with a relatively
distal portion of DLL3 including the DSL domain and the
N-terminal region.

While the present invention expressly contemplates the use
of'any DLL3 modulator in the treatment of any DLL3 disor-
der, including any type of neoplasia, in particularly preferred
embodiments the disclosed modulators may be used to pre-
vent, treat or diagnose tumors comprising neuroendocrine
features (genotypic or phenotypic) including neuroendocrine
tumors. True or “canonical neuroendocrine tumors” (NETs)
arise from the dispersed endocrine system and are typically
highly aggressive. Neuroendocrine tumors occur in the kid-
ney, genitourinary tract (bladder, prostate, ovary, cervix, and
endometrium), gastrointestinal tract (stomach, colon), thy-
roid (medullary thyroid cancer), and lung (small cell lung
carcinoma and large cell neuroendocrine carcinoma). More-
over, the disclosed modulators may advantageously be used
to treat, prevent or diagnose pseudo neuroendocrine tumors
(pNETs) that genotypically or phenotypically mimic, com-
prise, resemble or exhibit common traits with canonical neu-
roendocrine tumors. “Pseudo neuroendocrine tumors™ are
tumors that arise from cells of the diffuse neuroendocrine
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system or from cells in which a neuroendocrine differentia-
tion cascade has been aberrantly reactivated during the onco-
genic process. Such pNETs commonly share certain geno-
typic, phenotypic or biochemical characteristics with
traditionally defined neuroendocrine tumors, including the
ability to produce subsets of biologically active amines, neu-
rotransmitters, and peptide hormones. Accordingly, for the
purposes of the instant invention the phrases “tumors com-
prising neuroendocrine features” or “tumors exhibiting neu-
roendocrine features™ shall be held to comprise both neuroen-
docrine tumors and pseudo neuroendocrine tumors unless
otherwise dictated by context.

Besides the association with tumors generally discussed
above, there are also indications of phenotypic or genotypic
association between selected tumor initiating cells (TIC) and
DLL3 determinants. In this regard selected TICs (e.g., cancer
stem cells) may express elevated levels of DLL3 protein when
compared to normal tissue and non-tumorigenic cells (NTG),
which together typically comprise much of a solid tumor.
Thus, DLL3 determinants may comprise a tumor associated
marker (or antigen or immunogen) and the disclosed modu-
lators may provide effective agents for the detection and
suppression of TIC and associated neoplasia due to altered
levels of the proteins on cell surfaces or in the tumor microen-
vironment. Accordingly, DLL3 modulators, including immu-
noreactive antagonists and antibodies that associate, bind or
react with the proteins, may effectively reduce the frequency
of tumor initiating cells and could be useful in eliminating,
depleting, incapacitating, reducing, promoting the differen-
tiation of, or otherwise precluding or limiting the ability of
these tumor-initiating cells to lie dormant and/or continue to
fuel tumor growth, metastasis or recurrence in a patient. In
this regard those skilled in the art will appreciate that the
present invention further provides DLIL3 modulators and
their use in reducing the frequency of tumor initiating cells.

II. DLL3 Physiology

The Notch signaling pathway, first identified in C. elegans
and Drosophila and subsequently shown to be evolutionarily
conserved from invertebrates to vertebrates, participates in a
series of fundamental biological processes including normal
embryonic development, adult tissue homeostasis, and stem
cell maintenance (D’Souza et al., 2010; Liu et al., 2010).
Notch signaling is critical for a variety of cell types during
specification, patterning and morphogenesis. Frequently, this
occurs through the mechanism of lateral inhibition, in which
cells expressing Notch ligand(s) adopt a default cell fate, yet
suppress this fate in adjacent cells via stimulation of Notch
signaling (Sternberg, 1988, Cabrera 1990). This binary cell
fate choice mediated by Notch signaling is found to play a
role in numerous tissues, including the developing nervous
system (de la Pompa et al., 1997), the hematopoietic and
immune systems (Bigas and Espinosoa, 2012; Hoyne et al,
2011; Nagase et al., 2011), the gut (Fre et al., 2005; Fre et al.,
2009), the endocrine pancreas (Apelqvist et al., 1999; Jensen
et al., 2000), the pituitary (Raetzman et al., 2004), and the
diffuse neuroendocrine system (Ito et al., 2000; Schonhoff et
al, 2004). A generalized mechanism for implementing this
binary switch appears conserved despite the wide range of
developmental systems in which Notch plays a role—in cells
where the default cell fate choice is determined by transcrip-
tional regulators known as basic helix-loop-helix (bHLH)
proteins, Notch signaling leads to activation of a class of
Notch responsive genes, which in turn suppress the activity of
the bHLH proteins (Ball, 2004). These binary decisions take
place in the wider context of developmental and signaling
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cues that permit Notch signaling to effect proliferation or
inhibit it, and to trigger self-renewal or inhibit it.

In Drosophila, Notch signaling is mediated primarily by
one Notch receptor gene and two ligand genes, known as
Serrate and Delta (Wharton et al, 1985; Rebay et al., 1991). In
humans, there are four known Notch receptors and five DSL
(Delta-Serrate LAG2) ligands—two homologs of Serrate,
known as Jagged1 and Jagged 2, and three homologs of Delta,
termed delta-like ligands or DLLLL1, DLL3 and DLL4. In gen-
eral, Notch receptors on the surface of the signal-receiving
cell are activated by interactions with ligands expressed on
the surface of an opposing, signal-sending cell (termed a
trans-interaction). These trans-interactions lead to a sequence
of protease mediated cleavages of the Notch receptor. In
consequence, the Notch receptor intracellular domain is free
to translocate from the membrane to the nucleus, where it
partners with the CSL family of transcription factors (RBPJin
humans) and converts them from transcriptional repressors
into activators of Notch responsive genes.

Of the human Notch ligands, DLL3 is different in that it
seems incapable of activating the Notch receptor via trans-
interactions (Ladi et al., 2005). Notch ligands may also inter-
act with Notch receptors in cis (on the same cell) leading to
inhibition of the Notch signal, although the exact mechanisms
of cis-inhibition remain unclear and may vary depending
upon the ligand (for instance, see Klein et al., 1997; Ladi et
al., 2005; Glittenberg et al., 2006). Two hypothesized modes
of inhibition include modulating Notch signaling at the cell
surface by preventing trans-interactions, or by reducing the
amount of Notch receptor on the surface of the cell by per-
turbing the processing of the receptor or by physically caus-
ing retention of the receptor in the endoplasmic reticulum or
Golgi (Sakamoto et al., 2002; Dunwoodie, 2009). It is clear,
however, that stochastic differences in expression of Notch
receptors and ligands on neighboring cells can be amplified
through both transcriptional and non-transcriptional pro-
cesses, and subtle balances of cis- and trans-interactions can
result in a fine tuning of the Notch mediated delineation of
divergent cell fates in neighboring tissues (Sprinzak et al.,
2010).

DLL3 (also known as Delta-like 3 or SCDO1) is a member
of the Delta-like family of Notch DSL ligands. Representa-
tive DLL3 protein orthologs include, but are not limited to,
human (Accession Nos. NP__ 058637 and NP_982353),
chimpanzee (Accession No. XP_ 003316395), mouse (Ac-
cession No. NP 031892), and rat (Accession No.
NP__446118). In humans, the DLL3 gene consists of 8 exons
spanning 9.5 kBp located on chromosome 19q13. Alternate
splicing within the last exon gives rise to two processed
transcripts, one of 2389 bases (Accession No. NM__016941;
FIG. 1A, SEQ ID NO: 1) and one of 2052 bases (Accession
No. NM__203486; FIG. 1B, SEQ ID NO: 2). The former
transcript encodes a 618 amino acid protein (Accession No.
NP__058637; FIG. 1C, SEQ ID NO: 3), whereas the latter
encodes a 587 amino acid protein (Accession No.
NP_982353; FIG. 1D, SEQ ID NO: 4). These two protein
isoforms of DLL3 share overall 100% identity across their
extracellular domains and their transmembrane domains, dif-
fering only in that the longer isoform contains an extended
cytoplasmic tail containing 32 additional residues at the car-
boxy terminus of the protein (FIG. 1E). The biological rel-
evance of the isoforms is unclear, although both isoforms can
be detected in tumor cells (FIG. 5). Percent identities for each
of'the members of the delta-like family of proteins in humans
are shown in FIG. 2A, as well as cross species identities in
FIG. 2B.
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In general, DSL ligands are composed of a series of struc-
tural domains: a unique N-terminal domain, followed by a
conserved DSL domain, multiple tandem epidermal growth
factor (EGF)-like repeats, a transmembrane domain, and a
cytoplasmic domain not highly conserved across ligands but
one which contains multiple lysine residues that are potential
sites for ubiquitination by unique E3 ubiquitin ligases. The
DSL domain is a degenerate EGF-domain that is necessary
but not sufficient for interactions with Notch receptors
(Shimizu et al., 1999). Additionally, the first two EGF-like
repeats of most DSL ligands contain a smaller protein
sequence motif known as a DOS domain that co-operatively
interacts with the DSL. domain when activating Notch signal-
ing.

FIG. 1F provides a schematic diagram of the extracellular
region of the DLL3 protein, illustrating the general juxtapo-
sition of the six EGF-like domains, the single DSL. domain
and the N-terminal domain. Generally, the EGF domains are
recognized as occurring at about amino acid residues 216-249
(domain 1), 274-310 (domain 2), 312-351 (domain 3), 353-
389 (domain 4),391-427 (domain 5) and 429-465 (domain 6),
with the DSL domain at about amino acid residues 176-215
and the N-terminal domain at about amino acid residues
27-175 of hDLL3 (SEQ ID NOS: 3 and 4). As discussed in
more detail herein and shown in Example 10 below, each of
the EGF-like domains, the DSL domain and the N-terminal
domain comprise part of the DLL3 protein as defined by a
distinct amino acid sequence. Note that, for the purposes of
the instant disclosure the respective EGF-like domains may
be termed EGF1 to EGF6 with EGF1 being closest to the
N-terminal portion of the protein. In regard to the structural
composition of the protein one significant aspect of the
instant invention is that the disclosed DLL3 modulators may
be generated, fabricated, engineered or selected so as to react
with a selected domain, motif or epitope. In certain cases such
site specific modulators may provide enhanced reactivity and/
or efficacy depending on their primary mode of action.

Note that, as used herein the terms “mature protein” or
“mature polypeptide” as used herein refers to the form(s) of
the protein produced by expression in a mammalian cell. It is
generally hypothesized that once export of a growing protein
chain across the rough endoplasmic reticulum has been initi-
ated, proteins secreted by mammalian cells have a signal
peptide (SP) sequence which is cleaved from the complete
polypeptide to produce a “mature” form of the protein. In
both isoforms of DLL3 the mature protein comprises a signal
peptide of 26 amino acids that may be clipped prior to cell
surface expression. Thus, in mature proteins the N-terminal
domain will extend from position 27 in the protein until the
beginning of the DSL domain. Of course, if the protein is not
processed in this manner the N-terminal domain would be
held to extend to position one of SEQ ID NOS: 3 & 4.

Of the various Delta-like ligands, DL.L3 is the most diver-
gent from the others in the family, since it contains a degen-
erate DSL. domain, no DOS motifs, and an intracellular
domain which lacks lysine residues. The degenerate DSL. and
lack of DOS motifs are consistent with the inability of DLL3
to trigger Notch signaling in trans (between cells), suggesting
that DLL3, unlike DLIL.1 or DLIL4, acts only as an inhibitor of
Notch signaling (Ladi et al., 2005). Studies have shown that
DLL3 may be resident primarily in the cis-Golgi (Geffers et
al., 2007), which would be consistent with a hypothesized
ability to retain Notch receptor intracellularly, or to interfere
with processing of Notch receptors, preventing export to the
cell surface and instead retargeting it to the lysosome (Chap-
man et al., 2011). Some DLL3 protein may appear at the cell
surface, however, when the protein is artificially overex-
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pressed in model systems (Ladi et al., 2005), but it is not
obvious that this would be the case in normal biological
contexts nor in tumors in which the DLL.3 mRNA transcript is
elevated; somewhat surprisingly, the protein levels detected
in tumor types disclosed herein indicate significant DLL3
protein is escaping to the cell surface of various tumors.

Defects in the DLL3 gene have been linked to spondylo-
costal dysostosis in humans, a severe congenital birth defect
resulting in abnormal vertebrae formation and rib abnormali-
ties (Dunwoodie, 2009). This is linked to alterations in Notch
signaling, known to play a crucial role in determining the
polarity and patterning of somites, the embryonic precursors
to the vertebrae that require a finely regulated oscillating
interplay between Notch, Wnt, and FGF signaling pathways
for proper development (Kageyama et al., 2007; Goldbeter
and Pourquie, 2008). Although DLL1 and DLL3 are typically
expressed in similar locations within the developing mouse
embryo, experiments with transgenic mice have demon-
strated that DLL3 does not compensate for DLL1 (Geffers et
al., 2007). DLL1 knock-out mice are embryonic lethal, but
DLL3 mutant mice do survive yet show a phenotype similar
to that found in humans with spondylocostal dysostosis
(Kusumi et al., 1998; Shinkai et al., 2004). These results data
are consistent with a subtle interplay of Notch trans- and
cis-interactions crucial for normal development.

Further, as discussed above Notch signaling plays a role in
the development and maintenance of neuroendocrine cells
and tumors exhibiting neuroendocrine features. In this regard
Notch signaling is involved in a wide range of cell fate deci-
sions in normal endocrine organs and in the diffuse neuroen-
docrine system. For instance, in the pancreas, Notch signaling
is required to suppress the development of'a default endocrine
phenotype mediated by the bHLH transcription factor NGN3
(Habener et al, 2005). Similar Notch mediated suppression of
endocrine cell fates occurs in enteroendocrine cells (Schon-
hoff et al., 2004), thyroid parafollicular cells (Cook et al.,
2010), in specifying the relative ratios of neuroendocrine cell
types in the pituitary (Dutta et al., 2011), and is likely
involved in decisions of cells within the lungs to adopt a
neuroendocrine or non-neuroendocrine pheneotype (Chen et
al., 1997; Ito et al., 2000; Sriuranpong et al., 2002). Hence it
is clear that in many tissues, suppression of Notch signaling is
linked to neuroendocrine phenotypes.

Inappropriate reactivation of developmental signaling
pathways or disregulation of normal signaling pathways are
commonly observed in tumors, and in the case of Notch
signaling, have been associated with numerous tumor types
(Koch and Radtke, 2010; Harris et al., 2012). The Notch
pathway has been studied as an oncogene in lymphomas,
colorectal, pancreatic, and some types of non-small cell lung
cancer (see Zarenczan and Chen, 2010 and references
therein). In contrast, Notch is reported to act as a tumor
suppressor in tumors with neuroendocrine features (see
Zarenczan and Chen, 2010 supra). Tumors with neuroendo-
crine features arise infrequently in a wide range of primary
sites, and while their exhaustive classification remains prob-
lematic (Yao et al., 2008; Klimstra et al., 2010; Kloppel,
2011), they may be classified into four major types: low grade
benign carcinoids, low-grade well-differentiated neuroendo-
crine tumors with malignant behavior, tumors with mixed
neuroendocrine and epithelial features, and high-grade
poorly differentiated neuroendocrine carcinomas. Of these
classifications, the poorly differentiated neuroendocrine car-
cinomas, which include small cell lung cancer (SCLC) and
subsets of non-small cell lung cancer (NSCLC), are cancer
types with dismal prognoses. It has been postulated that
SCLC is bronchogenic in origin, arising in part from pulmo-
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nary neuroendocrine cells (Galluzzo and Bocchetta, 2011).
Whatever the specific cellular source of origin for each of
these tumors possessing a neuroendocrine phenotype, it may
be expected that suppression of Notch signaling, either by
direct lesions in the Notch pathway genes themselves, or by
activation of other genes that suppress Notch signaling, may
lead to the acquisition of the neuroendocrine phenotype of
these tumors. By extension, the genes that lead to the pertur-
bation of the Notch pathway may afford therapeutic targets
for the treatment of tumors with neuroendocrine phenotypes,
particularly for indications that currently have poor clinical
outcomes.

ASCL1 is one such gene that appears to interact with Notch
signaling pathway via DLL3. It is clear that many neuroen-
docrine tumors show a poorly differentiated (i.e. partially
complete) endocrine phenotype; for instance, marked eleva-
tion or expression of various endocrine proteins and polypep-
tides (e.g. chromogranin A, CHGA; calcitonin, CALCA; pro-
piomelanocorin, POMC; somatostatin, SST), proteins
associated with secretory vesicles (e.g., synaptophysin,
SYP), and genes involved in the biochemical pathways
responsible for the synthesis of bioactive amines (e.g., dopa
decarboxylase, DDC). Perhaps not surprisingly, these tumors
frequently over-express ASCL1 (also known as mASHI1 in
mice, or hASH1 in humans), a transcription factor known to
play a role in orchestrating gene cascades leading to neural
and neuroendocrine phenotypes. Although the specific
molecular details of the cascade remain ill-defined, it is
increasingly clear that for certain cell types, particularly thy-
roid parafollicular cells (Kameda et al., 2007), chromatfin
cells of the adrenal medulla (Huber et al., 2002) and cells
found in the diffuse neuroendocrine system of the lung (Chen
etal., 1997; Ito et al., 2000; Sriuranpong et al., 2002), ASCL1
is part of a finely tuned developmental regulatory loop in
which cell fate choices are mediated by the balance of
ASCL1-mediated and Notch-mediated gene expression cas-
cades (FIG. 3). For instance, ASCL1 was found in to be
expressed in normal mouse pulmonary neuroendocrine cells,
while the Notch signaling effector HES1, was expressed in
pulmonary non-neuroendocrine cells (Ito et al., 2000). That
these two cascades are in a fine balance with potential cross-
regulation is increasingly appreciated. The Notch effector
HES1 has been shown to downregulate ASCL1 expression
(Chen et al., 1997; Sriuranpong et al., 2002). These results
clearly demonstrate that Notch signaling can suppress neu-
roendocrine differentiation. However, demonstration that
ASCL1 binding to the DLL3 promoter activates DLL3
expression (Henke et al., 2009) and the observation that
DLL3 attenuates Notch signaling (Ladi et al., 2005) closes
the genetic circuit for cell fate choices between neuroendo-
crine and non-neuroendocrine phenotypes.

Given that Notch signaling appears to have evolved to
amplify subtle differences between neighboring cells to per-
mit sharply bounded tissue domains with divergent differen-
tiation paths (e.g., “lateral inhibition,” as described above),
these data together suggest that a finely tuned developmental
regulatory loop (FIG. 3) has become reactivated and disregu-
lated in cancers with neuroendocrine phenotypes. While it is
not obvious that DLL3 would provide a suitable cell surface
target for the development of antibody therapeutics given its
normal residence within interior membranous compartments
of'the cell (Geffers et al., 2007) and its presumed interactions
with Notch therein, it is possible that the resultant elevation of
DLL3 expression in neuroendocrine tumors may offer a
unique therapeutic target for tumors with the neuroendocrine
phenotype (e.g., NETs and pNETs). It is commonly observed
that vast overexpression of proteins in laboratory systems
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may cause mislocalization of the overexpressed protein
within the cell. Therefore it is a reasonable hypothesis, yet not
obvious without experimental verification, that overexpres-
sion of DLL3 in tumors may lead to some cell surface expres-
sion of the protein, and thereby present a target for the devel-
opment of antibody therapeutics.

II1. Cancer Stem Cells

As alluded to above it has surprisingly been discovered that
aberrant DLL3 expression (genotypic and/or phenotypic) is
associated with various tumorigenic cell subpopulations. In
this respect the present invention provides DLL3 modulators
that may be particularly useful for targeting such cells, and
especially tumor perpetuating cells, thereby facilitating the
treatment, management or prevention of neoplastic disorders.
Thus, in preferred embodiments modulators of DLL3 deter-
minants (phenotypic or genotypic) may be advantageously be
used to reduce tumor initiating cell frequency in accordance
with the present teachings and thereby facilitate the treatment
or management of proliferative disorders.

For the purposes of the instant application the term “tumor
initiating cell” (TIC) encompasses both “tumor perpetuating
cells” (TPC; i.e., cancer stem cells or CSC) and highly pro-
liferative “tumor progenitor cells” (termed TProg), which
together generally comprise a unique subpopulation (i.e. 0.1-
40%) of a bulk tumor or mass. For the purposes of the instant
disclosure the terms “tumor perpetuating cells” and “cancer
stem cells” or “neoplastic stem cells” are equivalent and may
beused interchangeably herein. TPC differ from TProgin that
TPC can completely recapitulate the composition of tumor
cells existing within a tumor and have unlimited self-renewal
capacity as demonstrated by serial transplantation (two or
more passages through mice) of low numbers of isolated
cells, whereas TProg will not display unlimited self-renewal
capacity.

Those skilled in the art will appreciate that fluorescence-
activated cell sorting (FACS) using appropriate cell surface
markers is a reliable method to isolate highly enriched cancer
stem cell subpopulations (e.g., >99.5% purity) due, at least in
part, to its ability to discriminate between single cells and
clumps of cells (i.e. doublets, etc.). Using such techniques it
has been shown that when low cell numbers of highly purified
TProg cells are transplanted into immunocompromised mice
they can fuel tumor growth in a primary transplant. However,
unlike purified TPC subpopulations the TProg generated
tumors do not completely reflect the parental tumor in phe-
notypic cell heterogeneity and are demonstrably inefficient at
reinitiating serial tumorigenesis in subsequent transplants. In
contrast, TPC subpopulations completely reconstitute the
cellular heterogeneity of parental tumors and can efficiently
initiate tumors when serially isolated and transplanted. Thus,
those skilled in the art will recognize that a definitive differ-
ence between TPC and TProg, though both may be tumor
generating in primary transplants, is the unique ability of TPC
to perpetually fuel heterogeneous tumor growth upon serial
transplantation at low cell numbers. Other common
approaches to characterize TPC involve morphology and
examination of cell surface markers, transcriptional profile,
and drug response although marker expression may change
with culture conditions and with cell line passage in vitro.

Accordingly, for the purposes of the instant invention
tumor perpetuating cells, like normal stem cells that support
cellular hierarchies in normal tissue, are preferably defined by
their ability to self-renew indefinitely while maintaining the
capacity for multilineage differentiation. Tumor perpetuating
cells are thus capable of generating both tumorigenic progeny
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(i.e., tumor initiating cells: TPC and TProg) and non-tumori-
genic (NTG) progeny. As used herein a “non-tumorigenic
cell” (NTG) refers to a tumor cell that arises from tumor
initiating cells, but does not itself have the capacity to self-
renew or generate the heterogeneous lineages of tumor cells
that comprise a tumor. Experimentally, NTG cells are inca-
pable of reproducibly forming tumors in mice, even when
transplanted in excess cell numbers.

Asindicated, TProg are also categorized as tumor initiating
cells (or TIC) due to their limited ability to generate tumors in
mice. TProg are progeny of TPC and are typically capable of
a finite number of non-self-renewing cell divisions. More-
over, TProg cells may further be divided into early tumor
progenitor cells (ETP) and late tumor progenitor cells (LTP),
each of which may be distinguished by phenotype (e.g., cell
surface markers) and different capacities to recapitulate
tumor cell architecture. In spite of such technical differences,
both ETP and LTP differ functionally from TPC in that they
are generally less capable of serially reconstituting tumors
when transplanted at low cell numbers and typically do not
reflect the heterogeneity of the parental tumor. Notwithstand-
ing the foregoing distinctions, it has also been shown that
various TProg populations can, on rare occasion, gain self-
renewal capabilities normally attributed to stem cells and
themselves become TPC (or CSC). In any event both types of
tumor-initiating cells are likely represented in the typical
tumor mass of a single patient and are subject to treatment
with the modulators as disclosed herein. That is, the disclosed
compositions are generally effective in reducing the fre-
quency or altering the chemosensitivity of such DLL3 posi-
tive tumor initiating cells regardless of the particular embodi-
ment or mix represented in a tumor.

In the context of the instant invention, TPC are more tum-
origenic, relatively more quiescent and often more chemore-
sistant than the TProg (both ETP and LTP), NTG cells and the
tumor-infiltrating non-TPC derived cells (e.g., fibroblasts/
stroma, endothelial & hematopoietic cells) that comprise the
bulk of a tumor. Given that conventional therapies and regi-
mens have, in large part, been designed to both debulk tumors
and attack rapidly proliferating cells, TPC are likely to be
more resistant to conventional therapies and regimens than
the faster proliferating TProg and other bulk tumor cell popu-
lations. Further, TPC often express other characteristics that
make them relatively chemoresistant to conventional thera-
pies, such as increased expression of multi-drug resistance
transporters, enhanced DNA repair mechanisms and anti-
apoptotic proteins. These properties, each of which contribute
to drug tolerance by TPC, constitute a key reason for the
failure of standard oncology treatment regimens to ensure
long-term benefit for most patients with advanced stage neo-
plasia; i.e. the failure to adequately target and eradicate those
cells that fuel continued tumor growth and recurrence (i.e.
TPC or CSC).

Unlike many prior art treatments, the novel compositions
of the present invention preferably reduce the frequency of
tumor initiating cells upon administration to a subject regard-
less of the form or specific target (e.g., genetic material,
DLL3 antibody or ligand fusion construct) of the selected
modulator. As noted above, the reduction in tumor initiating
cell frequency may occur as a result of a) elimination, deple-
tion, sensitization, silencing or inhibition of tumor initiating
cells; b) controlling the growth, expansion or recurrence of
tumor initiating cells; ¢) interrupting the initiation, propaga-
tion, maintenance, or proliferation of tumor initiating cells; or
d) by otherwise hindering the survival, regeneration and/or
metastasis of the tumorigenic cells. In some embodiments,
the reduction in the frequency of tumor initiating cells occurs
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as aresult of a change in one or more physiological pathways.
The change in the pathway, whether by reduction or elimina-
tion of the tumor initiating cells or by modifying their poten-
tial (e.g., induced differentiation, niche disruption) or other-
wise interfering with their ability to influence the tumor
environment or other cells, in turn allows for the more effec-
tive treatment of DLL3 associated disorders by inhibiting
tumorigenesis, tumor maintenance and/or metastasis and
recurrence.

Among art-recognized methods that can be used to assess
such a reduction in the frequency of tumor initiating cells is
limiting dilution analysis either in vitro or in vivo, preferably
followed by enumeration using Poisson distribution statistics
or assessing the frequency of predefined definitive events
such as the ability to generate tumors in vivo or not. While
such limiting dilution analysis comprise preferred methods of
calculating reduction of tumor initiating cell frequency other,
less demanding methods, may also be used to effectively
determine the desired values, albeit slightly less accurately,
and are entirely compatible with the teachings herein. Thus,
as will be appreciated by those skilled in the art, it is also
possible to determine reduction of frequency values through
well-known flow cytometric or immunohistochemical
means. As to all the aforementioned methods see, for
example, Dylla et al. 2008, PMID: 18560594 & Hoey et al.
2009, PMID: 19664991; each of which is incorporated herein
by reference in its entirety and, in particular, for the disclosed
methods.

With respect to limiting dilution analysis, in vitro enumera-
tion of tumor initiating cell frequency may be accomplished
by depositing either fractionated or unfractionated human
tumor cells (e.g. from treated and untreated tumors, respec-
tively) into in vitro growth conditions that foster colony for-
mation. In this manner, colony forming cells might be enu-
merated by simple counting and characterization of colonies,
or by analysis consisting of, for example, the deposition of
human tumor cells into plates in serial dilutions and scoring
each well as either positive or negative for colony formation
at least 10 days after plating. In vivo limiting dilution experi-
ments or analyses, which are generally more accurate in their
ability to determine tumor initiating cell frequency encom-
pass the transplantation of human tumor cells, from either
untreated control or treated populations, for example, into
immunocompromised mice in serial dilutions and subse-
quently scoring each mouse as either positive or negative for
tumor formation at least 60 days after transplant. The deriva-
tion of cell frequency values by limiting dilution analysis in
vitro or in vivo is preferably done by applying Poisson dis-
tribution statistics to the known frequency of positive and
negative events, thereby providing a frequency for events
fulfilling the definition of a positive event; in this case, colony
or tumor formation, respectively.

As to other methods compatible with the instant invention
that may be used to calculate tumor initiating cell frequency,
the most common comprise quantifiable flow cytometric
techniques and immunohistochemical staining procedures.
Though not as precise as the limiting dilution analysis tech-
niques described immediately above, these procedures are
much less labor intensive and provide reasonable values in a
relatively short time frame. Thus, it will be appreciated that a
skilled artisan may use flow cytometric cell surface marker
profile determination employing one or more antibodies or
reagents that bind art-recognized cell surface proteins known
to enrich for tumor initiating cells (e.g., potentially compat-
ible markers as are set forth in PCT application 2012/031280
which is incorporated herein in its entirety) and thereby mea-
sure TIC levels from various samples. In still another com-
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patible method one skilled in the art might enumerate TIC
frequency in situ (e.g., in a tissue section) by immunohis-
tochemistry using one or more antibodies or reagents that are
able to bind cell surface proteins thought to demarcate these
cells.

Those skilled in the art will recognize that numerous mark-
ers (or their absence) have been associated with various popu-
lations of cancer stem cells and used to isolate or characterize
tumor cell subpopulations. In this respect exemplary cancer
stem cell markers comprise OCT4, Nanog, STAT3, EPCAM,
CD24, CD34, NB84, TrkA, GD2, CD133, CD20, CD56,
CD29, B7H3, CD46, transferrin receptor, JAM3, carbox-
ypeptidase M, ADAMY, oncostatin M, Lgr5, Lgr6, CD324,
CD325, nestin, Sox1, Bmi-1, eed, easyhl, easyh2, mf2, yy1,
smarcA3, smarckAS, smarcD3, smarcEl, mllt3, FZDI,
FZD2, FZD3, FZDA4, FZD6, FZD7, FZD8, FZD9, FZD10,
WNT2, WNT2B, WNT3, WNTSA, WNT10B, WNTI6,
AXINI, BCL9, MYC, (TCF4) SLC7A8, ILIRAP, TEMS,
TMPRSS4, MUCI16, GPRC5B, SLC6A14, SLC4All,
PPAP2C,CAV1, CAV2, PTPN3, EPHA1, EPHA2, SLC1A1,
CX3CL1, ADORA2A, MPZL1, FLI10052, C4.4A, EDG3,
RARRES1, TMEPAI, PTS, CEACAMS6, NID2, STEAP,
ABCA3, CRIMI, ILR1, OPN3, DAF, MUCI1, MCP, CPD,
NMA, ADAM9, GJAl, SLC19A2, ABCAl, PCDH7,
ADCY?9, SLC39A1, NPC1, ENPP1, N33, GPNMB, LY6E,
CELSRI, LRP3, C200rf52, TMEPA1, FLVCR, PCDHAL10,
GPR54, TGFBR3, SEMA4B, PCDHB2, ABCG2, CD166,
AFP, BMP-4, B-catenin, CD2, CD3, CD9, CDI14, CD31,
CD38, CD44,CD45,CD74,CD90, CXCR4, decorin, EGFR,
CD105, CD64, CD16,CD16a, CD16b, GLI1, GLI2, CD49b,
and CD49f. See, for example, Schulenburg et al., 2010,
PMID: 20185329, U.S. Pat. No. 7,632,678 and U.S.P.Ns.
2007/0292414, 2008/0175870, 2010/0275280, 2010/
0162416 and 2011/0020221 each of which is incorporated
herein by reference. It will further be appreciated that each of
the aforementioned markers may also be used as a secondary
target antigen in the context of the bispecific or multispecific
antibodies of the instant invention.

Similarly, non-limiting examples of cell surface pheno-
types associated with cancer stem cells of certain tumor types
include CD44%CD24"", ALDH*, CD133%,CD123*, CD34*
CD38~, CD44*CD24~, CD46"CD324*CD66¢~, CD133*
CD34*CD10°CD197, CDI138°CD34°CD19*, CDI133"
RC2*,CD44%a, B,"CD133*, CD44*CD24"ESA*, CD271%,
ABCBS5™* as well as other cancer stem cell surface phenotypes
that are known in the art. See, for example, Schulenburget al.,
2010, supra, Visvader et al., 2008, PMID: 18784658 and
U.S.P.N.2008/0138313, each of which is incorporated herein
in its entirety by reference. Those skilled in the art will appre-
ciate that marker phenotypes such as those exemplified
immediately above may be used in conjunction with standard
flow cytometric analysis and cell sorting techniques to char-
acterize, isolate, purify or enrich TIC and/or TPC cells or cell
populations for further analysis. Of interest with regard to the
instant invention CD46, CD324 and, optionally, CD66¢ are
either highly or heterogeneously expressed on the surface of
many human colorectal (“CR”), breast (“BR”), non-small
cell lung (NSCLC), small cell lung (SCLC), pancreatic
(“PA”), melanoma (“Mel”), ovarian (“OV”), and head and
neck cancer (“HN”) tumor cells, regardless of whether the
tumor specimens being analyzed were primary patient tumor
specimens or patient-derived NTX tumors.

Using any of the above-referenced methods and selected
markers as known in the art (and shown in Example 17 below)
it is then possible to quantify the reduction in frequency of
TIC (or the TPC therein) provided by the disclosed DLL3
modulators (including those conjugated to cytotoxic agents)
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in accordance with the teachings herein. In some instances,
the compounds of the instant invention may reduce the fre-
quency of TIC or TPC (by a variety of mechanisms noted
above, including elimination, induced differentiation, niche
disruption, silencing, etc.) by 10%, 15%, 20%, 25%, 30% or
even by 35%. In other embodiments, the reduction in fre-
quency of TIC or TPC may be on the order of40%, 45%, 50%,
55%, 60% or 65%. In certain embodiments, the disclosed
compounds my reduce the frequency of TIC or TPC by 70%,
75%, 80%, 85%, 90% or even 95%. Of course it will be
appreciated that any reduction of the frequency of the TIC or
TPC likely results in a corresponding reduction in the tum-
origenicity, persistence, recurrence and aggressiveness of the
neoplasia.

IV. DLL3 Modulators

In any event, the present invention is directed to the use of
DLL3 modulators, including DLL3 antagonists, for the diag-
nosis, theragnosis, treatment and/or prophylaxis of various
disorders including any one of a number of DLL3 associated
malignancies. The disclosed modulators may be used alone or
in conjunction with a wide variety of anti-cancer compounds
such as chemotherapeutic or immunotherapeutic agents (e.g.,
therapeutic antibodies) or biological response modifiers. In
other selected embodiments, two or more discrete DLL3
modulators may be used in combination to provide enhanced
anti-neoplastic effects or may be used to fabricate multispe-
cific constructs.

In certain embodiments, the DLL3 modulators of the
present invention will comprise nucleotides, oligonucle-
otides, polynucleotides, peptides or polypeptides. More par-
ticularly, exemplary modulators of the invention may com-
prise antibodies and antigen-binding fragments or derivatives
thereof, proteins, peptides, glycoproteins, glycopeptides, gly-
colipids, polysaccharides, oligosaccharides, nucleic acids,
antisense constructs, siRNA, miRNA, bioorganic molecules,
peptidomimetics, pharmacological agents and their metabo-
lites, transcriptional and translation control sequences, and
the like. In certain embodiments the modulators will com-
prise soluble DLL3 (sDLL3) or a form, variant, derivative or
fragment thereof including, for example, DLL3 fusion con-
structs (e.g., DLL3-Fc, DLL3-targeting moiety, etc.) or
DLL3-conjugates (e.g., DLL3-PEG, DLL3-cytotoxic agent,
DLL3-brm, etc.). In other preferred embodiments the DLL3
modulators comprise antibodies or immunoreactive frag-
ments or derivatives thereof. In particularly preferred
embodiments the modulators of the instant invention will
comprise neutralizing, depleting or internalizing antibodies
or derivatives or fragments thereof. Moreover, as with the
aforementioned fusion constructs, such antibody modulators
may be conjugated, linked or otherwise associated with
selected cytotoxic agents, polymers, biological response
modifiers (BRMs) or the like to provide directed immuno-
therapies with various (and optionally multiple) mechanisms
of action. As alluded to above such antibodies may be pan-
DLL antibodies and associate with two or more DLL family
members or, in the alternative, comprise antigen binding mol-
ecules that selectively react with one or both isoforms of
DLL3. In yet other preferred embodiments the modulators
may operate on the genetic level and may comprise com-
pounds as antisense constructs, siRNA, miRNA and the like
that interact or associate with the genotypic component of a
DLL3 determinant.

It will further be appreciated that the disclosed DLL3
modulators may deplete, silence, neutralize, eliminate or
inhibit growth, propagation or survival of tumor cells, includ-
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ing TPC, and/or associated neoplasia through a variety of
mechanisms, including agonizing or antagonizing selected
pathways or eliminating specific cells depending, for
example, on the form of DLL3 modulator, any associated
payload or dosing and method of delivery. Thus, while pre-
ferred embodiments disclosed herein are directed to the
depletion, inhibition or silencing of specific tumor cell sub-
populations such as tumor perpetuating cells or to modulators
that interact with a specific epitope or domain, it must be
emphasized that such embodiments are merely illustrative
and not limiting in any sense. Rather, as set forth in the
appended claims, the present invention is broadly directed to
DLL3 modulators and their use in the treatment, management
or prophylaxis of various DLL3 associated disorders irre-
spective of any particular mechanism, binding region or tar-
get tumor cell population.

Regardless of the form of the modulator selected it will be
appreciated that the chosen compound may be antagonistic in
nature. As used herein an “antagonist” refers to a molecule
capable of neutralizing, blocking, inhibiting, abrogating,
reducing or interfering with the activities of a particular or
specified target (e.g., DLL3), including the binding of recep-
tors to ligands or the interactions of enzymes with substrates.
In this respect it will be appreciated that DLL3 antagonists of
the instant invention may comprise any ligand, polypeptide,
peptide, fusion protein, antibody or immunologically active
fragment or derivative thereof that recognizes, reacts, binds,
combines, competes, associates or otherwise interacts with
the DLL3 protein or fragment thereof and eliminates,
silences, reduces, inhibits, hinders, restrains or controls the
growth of tumor initiating cells or other neoplastic cells
including bulk tumor or NTG cells. Compatible antagonists
may further include small molecule inhibitors, aptamers,
antisense constructs, siRNA, miRNA and the like, receptor or
ligand molecules and derivatives thereof which recognize or
associate with a DLL3 genotypic or phenotypic determinant
thereby altering expression patterns or sequestering its bind-
ing or interaction with a substrate, receptor or ligand.

As used herein and applied to two or more molecules or
compounds, the terms “recognizes” or “associates” shall be
held to mean the reaction, binding, specific binding, combi-
nation, interaction, connection, linkage, uniting, coalescence,
merger or joining, covalently or non-covalently, of the mol-
ecules whereby one molecule exerts an effect on the other
molecule.

Moreover, as demonstrated in the examples herein (e.g.,
see FIG. 2B), some modulators of human DLL3 may, in
certain cases, cross-react with DLL3 from a species other
than human (e.g., murine). In other cases exemplary modu-
lators may be specific for one or more isoforms of human
DLL3 and will not exhibit cross-reactivity with DLL3
orthologs from other species. Of course, in conjunction with
the teachings herein such embodiments may comprise pan-
DLL antibodies that associate with two or more DLL family
members from a single species or antibodies that exclusively
associate with DLL3.

In any event, and as will be discussed in more detail below,
those skilled in the art will appreciate that the disclosed
modulators may be used in a conjugated or unconjugated
form. That is, the modulator may be associated with or con-
jugated to (e.g. covalently or non-covalently) pharmaceuti-
cally active compounds, biological response modifiers, anti-
cancer agents, cytotoxic or cytostatic agents, diagnostic
moieties or biocompatible modifiers. In this respect it will be
understood that such conjugates may comprise peptides,
polypeptides, proteins, fusion proteins, nucleic acid mol-
ecules, small molecules, mimetic agents, synthetic drugs,
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inorganic molecules, organic molecules and radioisotopes.
Moreover, as indicated herein the selected conjugate may be
covalently or non-covalently linked to the DL.L.3 modulator in
various molar ratios depending, at least in part, on the method
used to effect the conjugation.

V. Modulator Fabrication and Supply

A. Antibody Modulators

1. Overview

As previously alluded to particularly preferred embodi-
ments of the instant invention comprise DLL3 modulators in
the form of antibodies that preferentially associate with one
or more domains of an isoform of DLL3 protein and, option-
ally, other DLL family members. Those of ordinary skill in
the art will appreciate the well developed knowledge base on
antibodies such as set forth, for example, in Abbas et al.,
Cellular and Molecular Immunology, 6* ed., W.B. Saunders
Company (2010) or Murphey et al., Janeway’s Immunobiol-
ogy, 8h ed., Garland Science (2011), each of which is incor-
porated herein by reference in its entirety.

The term “antibody” is intended to cover polyclonal anti-
bodies, multiclonal antibodies, monoclonal antibodies, chi-
meric antibodies, humanized and primatized antibodies,
human antibodies, recombinantly produced antibodies, intra-
bodies, multispecific antibodies, bispecific antibodies,
monovalent antibodies, multivalent antibodies, anti-idiotypic
antibodies, synthetic antibodies, including muteins and vari-
ants thereof; antibody fragments such as Fab fragments,
F(ab') fragments, single-chain FvFcs, single-chain Fvs; and
derivatives thereof including Fc fusions and other modifica-
tions, and any other immunologically active molecule so long
as they exhibit the desired biological activity (i.e., antigen
association or binding). Moreover, the term further comprises
all classes of antibodies (i.e. IgA, IgD, IgE, IgG, and IgM) and
all isotypes (i.e., IgG1, IgG2, 1gG3, IgG4, IgAl, and IgA2),
as well as variations thereof unless otherwise dictated by
context. Heavy-chain constant domains that correspond to the
different classes of antibodies are denoted by the correspond-
ing lower case Greek letter a, 9, €, v, and L, respectively. Light
chains of the antibodies from any vertebrate species can be
assigned to one of two clearly distinct types, called kappa ()
and lambda (), based on the amino acid sequences of their
constant domains.

While all such antibodies are within the scope of the
present invention, preferred embodiments comprising the
1gG class of immunoglobulin will be discussed in some detail
herein solely for the purposes of illustration. It will be under-
stood that such disclosure is, however, merely demonstrative
of exemplary compositions and methods of practicing the
present invention and not in any way limiting of the scope of
the invention or the claims appended hereto.

As is well known, the variable domains of both the light
(V) and heavy (V) chain portions determine antigen rec-
ognition and specificity and the constant domains of the light
chain (C; ) and the heavy chain (C,1, C.2 or C3) conferand
regulate important biological properties such as secretion,
transplacental mobility, circulation half-life, complement
binding, and the like.

The “variable” region includes hypervariable sites that
manifest themselves in three segments commonly termed
complementarity determining regions (CDRs), in both the
light-chain and the heavy-chain variable domains. The more
highly conserved portions of variable domains flanking the
CDRs are termed framework regions (FRs). For example, in
naturally occurring monomeric immunoglobulin G (IgG)
antibodies, the six CDRs present on each arm of the “Y™ are
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short, non-contiguous sequences of amino acids that are spe-
cifically positioned to form the antigen binding site as the
antibody assumes its three dimensional configuration in an
aqueous environment. Thus, each naturally occurring IgG
antibody comprises two identical binding sites proximal to
the amino-terminus of each arm of the Y.

It will be appreciated that the position of CDRs can be
readily identified by one of ordinary skill in the art using
standard techniques. Also familiar to those in the art is the
numbering system described in Kabat et al. (1991, NIH Pub-
lication 91-3242, National Technical Information Service,
Springfield, Va.). In this regard Kabat et al. defined a num-
bering system for variable domain sequences that is appli-
cable to any antibody. One of ordinary skill in the art can
unambiguously assign this system of “Kabat numbering” to
any variable domain sequence, without reliance on any
experimental data beyond the sequence itself. Unless other-
wise specified, references to the numbering of specific amino
acid residue positions in an antibody are according to the
Kabat numbering system.

Thus, according to Kabat, in the V, residues 31-35 com-
prise CDR1, residues 50-65 make up CDR2, and 95-102
comprise CDR3, while in the V,, residues 24-34 are CDR1,
50-56 comprise CDR2, and 89-97 make up CDR3. For con-
text, in a Vi, FR1 corresponds to the domain of the variable
region encompassing amino acids 1-30; FR2 corresponds to
the domain of the variable region encompassing amino acids
36-49; FR3 corresponds to the domain of the variable region
encompassing amino acids 66-94, and FR4 corresponds to the
domain of the variable region from amino acids 103 to the end
of'the variable region. The FRs for the light chain are similarly
separated by each of the light chain variable region CDRs.

Note that CDRs vary considerably from antibody to anti-
body (and by definition will not exhibit homology with the
Kabat consensus sequences). In addition, the identity of cer-
tain individual residues at any given Kabat site number may
vary from antibody chain to antibody chain due to interspe-
cies or allelic divergence. Alternative numbering is set forth in
Chothia et al., J. Mol. Biol. 196:901-917 (1987) and MacCal-
lum et al., J. Mol. Biol. 262:732-745 (1996), although as in
Kabat, the FR boundaries are separated by the respective
CDR termini as described above. See also Chothia et al.,
Nature 342, pp. 877-883 (1989) and S. Dubel, ed., Handbook
of Therapeutic Antibodies, 3™ ed., WILEY-VCH Verlag
GmbH and Co. (2007), where the definitions include over-
lapping or subsets of amino acid residues when compared
against each other. Each of the aforementioned references is
incorporated herein by reference in its entirety and the amino
acid residues which comprise binding regions or CDRs as
defined by each ofthe above cited references and are set forth
for comparison below.

CDR Definitions
Kabat! Chothia? MacCallum?
V,;CDR1 31-35 26-32 30-35
V; CDR2 50-65 50-58 47-58
V; CDR3 95-102 95-102 93-101
V; CDR1 24-34 23-34 30-36
VvV, CDR2 50-56 50-56 46-55
V; CDR3 89-97 89-97 89-96

Residue numbering follows the nomenclature of Kabat et al., supra
“Residue numbering follows the nomenclature of Chothia et al., supra
3Residue numbering follows the nomenclature of MacCallum et al., supra

In the context of the instant invention it will be appreciated
that any of the disclosed light and heavy chain CDRs derived
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from the murine variable region amino acid sequences set
forth in FIG. 11A or FIG. 11B may be combined or rear-
ranged to provide optimized anti-DLL3 (e.g. humanized or
chimeric anti-hDLL3) antibodies in accordance with the
instant teachings. That is, one or more of the CDRs derived
from the contiguous light chain variable region amino acid
sequences set forth in FIG. 11A (SEQ ID NOS: 20-202, even
numbers) or the contiguous heavy chain variable region
amino acid sequences set forth in FIG. 11B (SEQ ID NOS:
21-203, odd numbers) may be incorporated in a DL.L.3 modu-
lator and, in particularly preferred embodiments, in a CDR
grafted or humanized antibody that immunospecifically asso-
ciates with one or more DLL3 isoforms. Examples of light
(SEQ ID NOS: 204-212, even numbers) and heavy (SEQ ID
NOS: 205-213, odd numbers) chain variable region amino
acid sequences of such humanized modulators are also set
forth in FIGS. 11A and 11B. Taken together these novel
amino acid sequences depict ninety-two murine and five
humanized exemplary modulators in accordance with the
instant invention. Moreover, corresponding nucleic acid
sequences of each of the ninety-two exemplary murine modu-
lators and five humanized modulators set forth in FIGS. 11A
and 11B are included in the sequence listing appended to the
instant application (SEQ ID NOS: 220-413).

In FIGS. 11A and 11B the annotated CDRs are defined
using Chothia numbering. However, as discussed herein and
demonstrated in Example 8 below, one skilled in the art could
readily define, identify, derive and/or enumerate the CDRs as
defined by Kabat et al., Chothia et al. or MacCallum et al. for
each respective heavy and light chain sequence set forth in
FIG.11A or FIG. 11B. Accordingly, each of the subject CDRs
and antibodies comprising CDRs defined by all such nomen-
clature are expressly included within the scope of the instant
invention. More broadly, the terms “variable region CDR
amino acid residue” or more simply “CDR” includes amino
acids in a CDR as identified using any sequence or structure
based method as set forth above.

2. Antibody Modulator Generation

a. Polyclonal Antibodies

The production of polyclonal antibodies in various host
animals, including rabbits, mice, rats, etc. is well known in the
art. In some embodiments, polyclonal anti-DLL3 antibody-
containing serum is obtained by bleeding or sacrificing the
animal. The serum may be used for research purposes in the
form obtained from the animal or, in the alternative, the
anti-DLL3 antibodies may be partially or fully purified to
provide immunoglobulin fractions or homogeneous antibody
preparations.

Briefly the selected animal is immunized with a DLL3
immunogen (e.g., soluble DLL3 or sDLL3) which may, for
example, comprise selected isoforms, domains and/or pep-
tides, or live cells or cell preparations expressing DLL3 or
immunoreactive fragments thereof. Art known adjuvants that
may be used to increase the immunological response, depend-
ing on the inoculated species include, but are not limited to,
Freund’s (complete and incomplete), mineral gels such as
aluminum hydroxide, surface active substances such as lyso-
lecithin, pluronic polyols, polyanions, peptides, oil emul-
sions, keyhole limpet hemocyanins, dinitrophenol, and
potentially useful human adjuvants such as BCG (bacille
Calmette-Guerin) and corynebacterium parvum. Such adju-
vants may protect the antigen from rapid dispersal by seques-
tering itin a local deposit, or they may contain substances that
stimulate the host to secrete factors that are chemotactic for
macrophages and other components of the immune system.
Preferably the immunization schedule will involve two or
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more administrations of the selected immunogen spread out
over a predetermined period of time.

The amino acid sequence of a DLL3 protein as shown in
FIG. 1C or 1D can be analyzed to select specific regions of the
DLL3 protein for generating antibodies. For example, hydro-
phobicity and hydrophilicity analyses of a DLL.3 amino acid
sequence are used to identify hydrophilic regions in the DLLL3
structure. Regions of a DLL3 protein that show immunogenic
structure, as well as other regions and domains, can readily be
identified using various other methods known in the art, such
as Chou-Fasman, Gamier-Robson, Kyte-Doolittle, Eisen-
berg, Karplus-Schultz or Jameson-Wolf analysis. Average
Flexibility profiles can be generated using the method of
Bhaskaran R., Ponnuswamy P. K., 1988, Int. J. Pept. Protein
Res. 32:242-255. Beta-turn profiles can be generated using
the method of Deleage, G., Roux B., 1987, Protein Engineer-
ing 1:289-294. Thus, each DLL3 region, domain or motif
identified by any of these programs or methods is within the
scope of the present invention and may be isolated or engi-
neered to provide immunogens giving rise to modulators
comprising desired properties. Preferred methods for the gen-
eration of DLL3 antibodies are further illustrated by way of
the Examples provided herein. Methods for preparing a pro-
tein or polypeptide for use as an immunogen are well known
in the art. Also well known in the art are methods for prepar-
ing immunogenic conjugates of a protein with a carrier, such
as BSA, KLLH or other carrier protein. In some circumstances,
direct conjugation using, for example, carbodiimide reagents
are used; in other instances linking reagents are effective.
Administration of a DLL3 immunogen is often conducted by
injection over a suitable time period and with use of a suitable
adjuvant, as is understood in the art. During the immunization
schedule, titers of antibodies can be taken as described in the
Examples below to determine adequacy of antibody forma-
tion.

b. Monoclonal Antibodies

In addition, the invention contemplates use of monoclonal
antibodies. As known in the art, the term “monoclonal anti-
body” (or mAb) refers to an antibody obtained from a popu-
lation of substantially homogeneous antibodies, i.e., the indi-
vidual antibodies comprising the population are identical
except for possible mutations (e.g., naturally occurring muta-
tions), that may be present in minor amounts. In certain
embodiments, such a monoclonal antibody includes an anti-
body comprising a polypeptide sequence that binds or asso-
ciates with an antigen wherein the antigen-binding polypep-
tide sequence was obtained by a process that includes the
selection of a single target binding polypeptide sequence
from a plurality of polypeptide sequences.

More generally, and as exemplified in Example 6 herein,
monoclonal antibodies can be prepared using a wide variety
of techniques known in the art including hybridoma, recom-
binant techniques, phage display technologies, transgenic
animals (e.g., a XenoMouse®) or some combination thereof.
For example, monoclonal antibodies can be produced using
hybridoma and art-recognized biochemical and genetic engi-
neering techniques such as described in more detail in An,
Zhigiang (ed.) Therapeutic Monoclonal Antibodies: From
Bench to Clinic, John Wiley and Sons, 1°* ed. 2009; Shire et.
al. (eds.) Current Trends in Monoclonal Antibody Develop-
ment and Manufacturing, Springer Science+Business Media
LLC, 1% ed. 2010; Harlow et al., Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, 2nd ed. 1988;
Hammerling, et al., in: Monroclonal Antibodies and T-Cell
Hybridomas 563-681 (Elsevier, N.Y., 1981) each of which is
incorporated herein in its entirety by reference. It should be
understood that a selected binding sequence can be further
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altered, for example, to improve affinity for the target, to
humanize the target binding sequence, to improve its produc-
tion in cell culture, to reduce its immunogenicity in vivo, to
create a multispecific antibody, etc., and that an antibody
comprising the altered target binding sequence is also an
antibody of this invention.

c. Chimeric Antibodies

In another embodiment, the antibody of the invention may
comprise chimeric antibodies derived from covalently joined
protein segments from at least two different species or types
of antibodies. As known in the art, the term ““chimeric” anti-
bodies is directed to constructs in which a portion of the heavy
and/or light chain is identical with or homologous to corre-
sponding sequences in antibodies derived from a particular
species or belonging to a particular antibody class or subclass,
while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies
derived from another species or belonging to another anti-
body class or subclass, as well as fragments of such antibod-
ies, so long as they exhibit the desired biological activity
(U.S. Pat. No. 4,816,567; Morrison et al., Proc. Natl. Acad.
Sci. USA, 81:6851-6855 (1984)).

In one embodiment, a chimeric antibody in accordance
with the teachings herein may comprise murine V and V,
amino acid sequences and constant regions derived from
human sources. In other compatible embodiments a chimeric
antibody of the present invention may comprise a humanized
antibody as described below. In another embodiment, the
so-called “CDR-grafted” antibody, the antibody comprises
one or more CDRs from a particular species or belonging to a
particular antibody class or subclass, while the remainder of
the antibody chain(s) is/are identical with or homologous to a
corresponding sequence in antibodies derived from another
species or belonging to another antibody class or subclass.
For use in humans, selected rodent CDRs may be grafted into
a human antibody, replacing one or more of the naturally
occurring variable regions or CDRs of the human antibody.
These constructs generally have the advantages of providing
full strength modulator functions (e.g., CDC (complement
dependent cytotoxicity), ADCC (antibody-dependent cell-
mediated cytotoxicity), etc.) while reducing unwanted
immune responses to the antibody by the subject.

d. Humanized Antibodies

Similar to the CDR-grafted antibody is a “humanized”
antibody. As used herein, “humanized” forms of non-human
(e.g., murine) antibodies are chimeric antibodies that contain
a minimal sequence derived from one or more non-human
immunoglobulins. In one embodiment, a humanized anti-
body is a human immunoglobulin (recipient or acceptor anti-
body) in which residues from a CDR of the recipient are
replaced by residues from a CDR of a non-human species
(donor antibody) such as mouse, rat, rabbit, or nonhuman
primate having the desired specificity, affinity, and/or capac-
ity. In certain preferred embodiments, residues in one or more
FRs in the variable domain of the human immunoglobulin are
replaced by corresponding non-human residues from the
donor antibody to help maintain the appropriate three-dimen-
sional configuration of the grafted CDR(s) and thereby
improve affinity. Furthermore, humanized antibodies may
comprise residues that are not found in the recipient antibody
or in the donor antibody to, for example, further refine anti-
body performance.

CDR grafting and humanized antibodies are described, for
example, in U.S. Pat. Nos. 6,180,370 and 5,693,762. The
humanized antibody optionally may also comprise at least a
portion of an immunoglobulin Fc, typically that of a human
immunoglobulin. For further details, see, e.g., Jones et al.,
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Nature 321:522-525 (1986); and U.S. Pat. Nos. 6,982,321
and 7,087,409. Still another method is termed “humaneering”
which is described, for example, in U.S.P.N. 2005/0008625.
Additionally, a non-human antibody may also be modified by
specific deletion of human T-cell epitopes or “deimmuniza-
tion” by the methods disclosed in WO 98/52976 and WO
00/34317. Each of the aforementioned references are incor-
porated herein in their entirety.

Humanized antibodies may also be bioengineered using
common molecular biology techniques, such as isolating,
manipulating, and expressing nucleic acid sequences that
encode all or part of immunoglobulin variable regions from at
least one of a heavy or light chain. In addition to the sources
of'such nucleic acid noted above, human germline sequences
are available as disclosed, for example, in Tomlinson, I. A. et
al. (1992) J. Mol. Biol. 227:776-798; Cook, G. P. et al. (1995)
Immunol. Today 16: 237-242; Chothia, D. etal. (1992)J. Mol.
Biol. 227:799-817; and Tomlinson et al. (1995) EMBO J
14:4628-4638. The V-BASE directory (VBASE2—Retter et
al., Nucleic Acid Res. 33; 671-674, 2005) provides a compre-
hensive directory of human immunoglobulin variable region
sequences (compiled by Tomlinson, 1. A. et al. MRC Centre
for Protein Engineering, Cambridge, UK). Consensus human
FRs can also be used, e.g., as described in U.S. Pat. No.
6,300,064.

In selected embodiments, and as detailed in Example 8
below, at least 60%, 65%, 70%, 75%, or 80% of the human-
ized or CDR grafted antibody heavy or light chain variable
region amino acid residues will correspond to those of the
recipient human FR and CDR sequences. In other embodi-
ments at least 85% or 90% of the humanized antibody vari-
able region residues will correspond to those of the recipient
FR and CDR sequences. In a further preferred embodiment,
greater than 95% of the humanized antibody variable region
residues will correspond to those of the recipient FR and CDR
sequences.

e. Human Antibodies

In another embodiment, the antibodies may comprise fully
human antibodies. The term “human antibody” refers to an
antibody which possesses an amino acid sequence that cor-
responds to that of an antibody produced by a human and/or
has been made using any of'the techniques for making human
antibodies.

Human antibodies can be produced using various tech-
niques known in the art. One technique is phage display in
which a library of (preferably human) antibodies is synthe-
sized on phages, the library is screened with the antigen of
interest or an antibody-binding portion thereof, and the phage
that binds the antigen is isolated, from which one may obtain
the immunoreactive fragments. Methods for preparing and
screening such libraries are well known in the art and kits for
generating phage display libraries are commercially available
(e.g., the Pharmacia Recombinant Phage Antibody System,
catalog no. 27-9400-01; and the Stratagene SurfZAP™ phage
display kit, catalog no. 240612). There also are other methods
and reagents that can be used in generating and screening
antibody display libraries (see, e.g., U.S. Pat. No. 5,223,409;
PCT Publication Nos. WO 92/18619, WO 91/17271, WO
92/20791, WO 92/15679, WO 93/01288, WO 92/01047, WO
92/09690; and Barbas et al., Proc. Natl. Acad. Sci. USA
88:7978-7982 (1991)).

In one embodiment, recombinant human antibodies may
be isolated by screening a recombinant combinatorial anti-
body library prepared as above. In one embodiment, the
library is a scFv phage display library, generated using human
V; and V, c¢cDNAs prepared from mRNA isolated from
B-cells.
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The antibodies produced by naive libraries (either natural
or synthetic) can be of moderate affinity (K, of about 106 to
10" M), but affinity maturation can also be mimicked in
vitro by constructing and reselecting from secondary libraries
as described in the art. For example, mutation can be intro-
duced at random in vitro by using error-prone polymerase
(reported in Leung et al., Technique, 1: 11-15 (1989)). Addi-
tionally, affinity maturation can be performed by randomly
mutating one or more CDRs, e.g. using PCR with primers
carrying random sequence spanning the CDR of interest, in
selected individual Fv clones and screening for higher-affin-
ity clones. WO 9607754 described a method for inducing
mutagenesis in a CDR of an immunoglobulin light chain to
create a library of light chain genes. Another effective
approach is to recombine the V; or V; domains selected by
phage display with repertoires of naturally occurring V
domain variants obtained from unimmunized donors and to
screen for higher affinity in several rounds of chain reshuf-
fling as described in Marks et al., Biotechnol., 10: 779-783
(1992). This technique allows the production of antibodies
and antibody fragments with a dissociation constant K, (k,/
k_,,) of about 10~ M or less.

In other embodiments, similar procedures may be
employed using libraries comprising eukaryotic cells (e.g.,
yeast) that express binding pairs on their surface. See, for
example, U.S. Pat. No. 7,700,302 and U.S. Ser. No. 12/404,
059.In one embodiment, the human antibody is selected from
a phage library, where that phage library expresses human
antibodies (Vaughan et al. Nature Biotechnology 14:309-314
(1996): Sheets et al. Proc. Natl. Acad. Sci. USA 95:6157-6162
(1998). In other embodiments, human binding pairs may be
isolated from combinatorial antibody libraries generated in
eukaryotic cells such as yeast. See e.g., U.S. Pat. No. 7,700,
302. Such techniques advantageously allow for the screening
of large numbers of candidate modulators and provide for
relatively easy manipulation of candidate sequences (e.g., by
affinity maturation or recombinant shuffling).

Human antibodies can also be made by introducing human
immunoglobulin loci into transgenic animals, e.g., mice in
which the endogenous immunoglobulin genes have been par-
tially or completely inactivated and human immunoglobulin
genes have been introduced. Upon challenge, human anti-
body production is observed, which closely resembles that
seen in humans in all respects, including gene rearrangement,
assembly, and antibody repertoire. This approach is
described, for example, in U.S. Pat. Nos. 5,545,807; 5,545,
806; 5,569,825, 5,625,126; 5,633,425; 5,661,016, and U.S.
Pat. Nos. 6,075,181 and 6,150,584 regarding XenoMouse®
technology; and Lonberg and Huszar, Intern. Rev. Immunol.
13:65-93 (1995). Alternatively, the human antibody may be
prepared via immortalization of human B lymphocytes pro-
ducing an antibody directed against a target antigen (such B
lymphocytes may be recovered from an individual suffering
from a neoplastic disorder or may have been immunized in
vitro). See, e.g., Cole et al., Monoclonal Antibodies and Can-
cer Therapy, Alan R. Liss, p. 77 (1985); Boerner et al., J.
Immunol, 147 (1):86-95 (1991); and U.S. Pat. No. 5,750,373.

3. Further Processing

No matter how obtained, modulator-producing cells (e.g.,
hybridomas, yeast colonies, etc.) may be selected, cloned and
further screened for desirable characteristics including, for
example, robust growth, high antibody production and, as
discussed in more detail below, desirable antibody character-
istics. Hybridomas can be expanded in vivo in syngeneic
animals, in animals that lack an immune system, e.g., nude
mice, or in cell culture in vitro. Methods of selecting, cloning
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and expanding hybridomas and/or colonies, each of which
produces a discrete antibody species, are well known to those
of ordinary skill in the art.

B. Recombinant Modulator Production

1. Overview

Once the source is perfected DNA encoding the desired
DLL3 modulators may be readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotide
probes that are capable of binding specifically to genes
encoding antibody heavy and light chains). Isolated and sub-
cloned hybridoma cells (or phage or yeast derived colonies)
may serve as a preferred source of such DNA if the modulator
is an antibody. If desired, the nucleic acid can further be
manipulated as described herein to create agents including
fusion proteins, or chimeric, humanized or fully human anti-
bodies. More particularly, isolated DNA (which may be
modified) can be used to clone constant and variable region
sequences for the manufacture antibodies.

Accordingly, in exemplary embodiments antibodies may
be produced recombinantly, using conventional procedures
(such as those set forth in Al-Rubeai; An, and Shire et. al. all
supra, and Sambrook J. & Russell D. Molecular Cloning: A
Laboratory Manual, 3rd ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. (2000); Ausubel et al., Short
Protocols in Molecular Biology: A Compendium of Methods
from Current Protocols in Molecular Biology, Wiley, John &
Sons, Inc. (2002)) in which the isolated and subcloned hybri-
doma cells (or phage or yeast derived colonies) serve as a
preferred source of nucleic acid molecules.

The term “nucleic acid molecule”, as used herein, is
intended to include DNA molecules and RNA molecules and
artificial variants thereof (e.g., peptide nucleic acids),
whether single-stranded or double-stranded. The nucleic
acids may encode one or both chains of an antibody of the
invention, or a fragment or derivative thereof. The nucleic
acid molecules of the invention also include polynucleotides
sufficient for use as hybridization probes, PCR primers or
sequencing primers for identifying, analyzing, mutating or
amplifying a polynucleotide encoding a polypeptide; anti-
sense nucleic acids for inhibiting expression of a polynucle-
otide, and as well as complementary sequences. The nucleic
acids can be any length. They can be, for example, 5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 75, 100, 125, 150, 175, 200, 250,
300, 350, 400, 450, 500, 750, 1,000, 1,500, 3,000, 5,000 or
more nucleotides in length, and/or can comprise one or more
additional sequences, for example, regulatory sequences,
and/or be part of a larger nucleic acid, for example, a vector.
It will be appreciated that such nucleic acid sequences can
further be manipulated to create modulators including chi-
meric, humanized or fully human antibodies. More particu-
larly, isolated nucleic acid molecules (which may be modi-
fied) can be used to clone constant and variable region
sequences for the manufacture antibodies as described in U.S.
Pat. No. 7,709,611.

The term “isolated nucleic acid” means a that the nucleic
acid was (i) amplified in vitro, for example by polymerase
chain reaction (PCR), (ii) recombinantly produced by clon-
ing, (iii) purified, for example by cleavage and gel-electro-
phoretic fractionation, or (iv) synthesized, for example by
chemical synthesis. An isolated nucleic acid is a nucleic acid
that is available for manipulation by recombinant DNA tech-
niques.

Whether the source of the nucleic acid encoding the
desired immunoreactive portion of the antibody is obtained or
derived from phage display technology, yeast libraries, hybri-
doma-based technology or synthetically, it is to be understood
that the present invention encompasses the nucleic acid mol-
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ecules and sequences encoding the antibodies or antigen-
binding fragments or derivatives thereof. Further, the instant
invention is directed to vectors and host cells comprising such
nucleic acid molecules.

2. Hybridization and Sequence Identity

As indicated, the invention further provides nucleic acids
that hybridize to other nucleic acids under particular hybrid-
ization conditions. More specifically the invention encom-
passes nucleic acids molecules that hybridize under moderate
or high stringency hybridization conditions (e.g., as defined
below), to the nucleic acid molecules of the invention. Meth-
ods for hybridizing nucleic acids are well-known in the art. As
is well known, a moderately stringent hybridization condi-
tions comprise a prewashing solution containing 5x sodium
chloride/sodium citrate (SSC), 0.5% SDS, 1.0 mM EDTA
(pH 8.0), hybridization buffer of about 50% formamide,
6xSSC, and a hybridization temperature of 55° C. (or other
similar hybridization solutions, such as one containing about
50% formamide, with a hybridization temperature of 42° C.),
and washing conditions of 60° C., in 0.5xSSC, 0.1% SDS. By
way of comparison hybridization under highly stringent
hybridization conditions comprise washing with 6xSSC at
45° C., followed by one or more washes in 0.1xSSC, 0.2%
SDS at 68° C. Furthermore, one of skill in the art can manipu-
late the hybridization and/or washing conditions to increase
or decrease the stringency of hybridization such that nucleic
acids comprising nucleotide sequences that are at least 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% identical to
each other typically remain hybridized to each other.

The invention also includes nucleic acid molecules that are
“substantially identical” to the described nucleic acid mol-
ecules. In one embodiment, the term substantially identical
with regard to a nucleic acid sequence means may be con-
strued as a sequence of nucleic acid molecules exhibiting at
least about 65%, 70%, 75%, 80%, 85%, or 90% sequence
identity. In other embodiments, the nucleic acid molecules
exhibit 95% or 98% sequence identity to the reference nucleic
acid sequence.

The basic parameters affecting the choice of hybridization
conditions and guidance for devising suitable conditions are
set forth by, for example, Sambrook, Fritsch, and Maniatis
(1989, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
chapters 9 and 11; and Current Protocols in Molecular Biol-
ogy, 1995, Ausubel et al.,, eds., John Wiley & Sons, Inc.,
sections 2.10 and 6.3-6.4), and can be readily determined by
those having ordinary skill in the art based on, for example,
the length and/or base composition of the nucleic acid.

Sequence similarity for polypeptides, which is also
referred to as sequence identity, is typically measured using
sequence analysis software. Protein analysis software
matches similar sequences using measures of similarity
assigned to various substitutions, deletions and other modifi-
cations, including conservative amino acid substitutions. For
instance, the sequence analysis tool GCG (Accelrys Software
Inc.) contains programs such as “GAP” and “BEST-FIT”
which can be used with default parameters to determine
sequence homology or sequence identity between closely
related polypeptides, such as homologous polypeptides from
different species of organisms or between a wild type protein
and a mutein thereof. (See, e.g., GCG Version 6.1 or Durbin
et. Al., Biological Sequence Analysis: Probabilistic models of
proteins and nucleic acids., Cambridge Press (1998)).

Polypeptide sequences can also be compared using FASTA
using default or recommended parameters, a program in GCG
Version 6.1. FASTA (e.g., FASTA2 and FASTA3) provides
alignments and percent sequence identity of the regions of the
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best overlap between the query and search sequences (Pear-
son (2000) supra). Another preferred algorithm when com-
paring a sequence of the invention to a database containing a
large number of sequences from different organisms is the
computer program BLAST, especially blastp or tblastn, using
default parameters. See, e.g., Altschul et al. (1990) J. Mol.
Biol. 215: 403 410 and Altschul et al. (1997) Nucleic Acids
Res. 25:3389 402, each of which is herein incorporated by
reference.

In this regard the invention also includes nucleic acid mol-
ecules that encode polypeptides that are “substantially iden-
tical” with respect to an antibody variable region polypeptide
sequence (e.g., either the donor light or heavy chain variable
region or the acceptor light or heavy chain variable region).
As applied to such polypeptides, the term “substantial iden-
tity” or “substantially identical” means that two peptide
sequences, when optimally aligned, such as by the programs
GAP or BEST-FIT using default gap weights, share at least
60% or 65% sequence identity, preferably at least 70%, 75%,
80%, 85%, or 90% sequence identity, even more preferably at
least 93%, 95%, 98% or 99% sequence identity. Preferably,
residue positions which are not identical differ by conserva-
tive amino acid substitutions. A “conservative amino acid
substitution” is one in which an amino acid residue is substi-
tuted by another amino acid residue having a side chain (R
group) with similar chemical properties (e.g., charge or
hydrophobicity). In general, a conservative amino acid sub-
stitution will not substantially change the functional proper-
ties of a protein. In cases where two or more amino acid
sequences differ from each other by conservative substitu-
tions, the percent sequence identity or degree of similarity
may be adjusted upwards to correct for the conservative
nature of the substitution.

3. Expression

The varied processes of recombinant expression, i.e., the
production of RNA or of RNA and protein/peptide, are well
known as set forth, for example, in Berger and Kimmel,
Guide to Molecular Cloning Techniques, Methods in Enzy-
mology volume 152 Academic Press, Inc., San Diego, Calif';
Sambrook et al., Molecular Cloning-A Laboratory Manual
(3rd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., (2000); and Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current Proto-
cols, a joint venture between Greene Publishing Associates,
Inc. and John Wiley & Sons, Inc., (supplemented through
2006).

Certain terms of interest include “expression control
sequence” which comprises promoters, ribosome binding
sites, enhancers and other control elements which regulate
transcription of a gene or translation of mRNA. As is well
known, a “promoter” or “promoter region” relates to a nucleic
acid sequence which generally is located upstream (5') to the
nucleic acid sequence being expressed and controls expres-
sion of the sequence by providing a recognition and binding
site for RNA-polymerase.

Exemplary promoters which are compatible according to
the invention include promoters for SP6, T3 and T7 poly-
merase, human U6 RNA promoter, CMV promoter, and arti-
ficial hybrid promoters thereof (e.g. CMV) where a part or
parts are fused to a part or parts of promoters of genes of other
cellular proteins such as e.g. human GAPDH (glyceralde-
hyde-3-phosphate dehydrogenase), and including or not
including (an) additional intron(s).

In certain embodiments, the nucleic acid molecule may be
present in a vector, where appropriate with a promoter, which
controls expression of the nucleic acid. The well known term
“vector” comprises any intermediary vehicle for a nucleic
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acid which enables said nucleic acid, for example, to be
introduced into prokaryotic and/or eukaryotic cells and,
where appropriate, to be integrated into a genome. Methods
of transforming mammalian cells are well known in the art.
See, for example, U.S. Pat. Nos. 4,399,216, 4,912,040, 4,740,
461, and 4,959,455. The vectors may include a nucleotide
sequence encoding an antibody of the invention (e.g., a whole
antibody, a heavy or light chain of an antibody, a Vor V; of
an antibody, or a portion thereof, or a heavy- or light-chain
CDR, a single chain Fv, or fragments or variants thereof),
operably linked to a promoter (see, e.g., PCT Publication WO
86/05807; PCT Publication WO 89/01036; and U.S. Pat. No.
5,122,464).

A variety of host-expression vector systems are commer-
cially available, and many are compatible with the teachings
herein and may be used to express the modulators of the
invention. Such systems include, but are not limited to, micro-
organisms such as bacteria (e.g., £. coli, B. subtilis, strepto-
myces) transformed with recombinant bacteriophage DNA,
plasmid DNA or cosmid DNA expression vectors containing
modulator coding sequences; yeast (e.g., Saccharomyces,
Pichia) transfected with recombinant yeast expression vec-
tors containing modulator coding sequences; insect cell sys-
tems infected with recombinant virus expression vectors
(e.g., baculovirus) containing modulator coding sequences;
plant cell systems (e.g., Nicotiana, Arabidopsis, duckweed,
corn, wheat, potato, etc.) infected with recombinant viral
expression vectors (e.g., cauliflower mosaic virus; tobacco
mosaic virus) or transfected with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing modulator
coding sequences; or mammalian cell systems (e.g., COS,
CHO, BHK, 293, 3T3 cells, etc.) harboring recombinant
expression constructs containing promoters derived from the
genome of mammalian cells (e.g., metallothionein promoter)
or from mammalian viruses (e.g., the adenovirus late pro-
moter; the vaccinia virus 7.5K promoter).

As used herein, the term “host cell” covers any kind of
cellular system which can be engineered to generate the
polypeptides and antigen-binding molecules of the present
invention. In one embodiment, the host cell is engineered to
allow the production of an antigen binding molecule with
modified glycoforms. In a preferred embodiment, the antigen
binding molecule, or variant antigen binding molecule, is an
antibody, antibody fragment, or fusion protein. In certain
embodiments, the host cells have been further manipulated to
express increased levels of one or more polypeptides having
N-acetylglucosaminyltransferase III (GnTI111) activity.
Compatible host cells include cultured cells, e.g., mammalian
cultured cells, such as CHO cells, BHK cells, NSO cells,
SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells,
PER cells, PER.C6 cells or hybridoma cells, yeast cells,
insect cells, and plant cells, to name only a few, but also cells
comprised within a transgenic animal, transgenic plant or
cultured plant or animal tissue.

For long-term, high-yield production of recombinant pro-
teins stable expression is preferred. Accordingly, cell lines
that stably express the selected modulator may be engineered
using standard art-recognized techniques. Rather than using
expression vectors that contain viral origins of replication,
host cells can be transformed with DNA controlled by appro-
priate expression control elements (e.g., promoter, enhancer,
sequences, transcription terminators, polyadenylation sites,
etc.), and a selectable marker. Any of the selection systems
well known in the art may be used, including the glutamine
synthetase gene expression system (the GS system) which
provides an efficient approach for enhancing expression
under certain conditions. The GS system is discussed in
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whole or part in connection with EP patents 0 216 846, 0 256
055, 0323 997 and 0338 841 and U.S. Pat. Nos. 5,591,639
and 5,879,936 each of which is incorporated herein by refer-
ence. Another preferred expression system, the Freedom™
CHO—S Kit is commercially provided by Life Technologies
(Catalog Number A13696-01) also allows for the develop-
ment of stable cell lines that may be used for modulator
production.

Such host-expression systems represent vehicles by which
the coding sequences of interest may be produced and sub-
sequently purified, but also represent cells which may, when
transformed or transfected with the appropriate nucleotide
coding sequences, express a molecule of the invention in situ.
The host cell may be co-transfected with two expression
vectors of the invention, for example, the first vector encoding
a heavy chain derived polypeptide and the second vector
encoding a light chain derived polypeptide.

Thus, in certain embodiments, the present invention pro-
vides recombinant host cells allowing for the expression of
antibodies or portions thereof. Antibodies produced by
expression in such recombinant host cells are referred to
herein as recombinant antibodies. The present invention also
provides progeny cells of such host cells, and antibodies
produced by the same.

C. Chemical Synthesis

In addition, the modulators may be chemically synthesized
using techniques known in the art (e.g., see Creighton, 1983,
Proteins: Structures and Molecular Principles, W.H. Freeman
& Co., N.Y., and Hunkapiller, M., et al., 1984, Nature 310:
105-111). Furthermore, if desired, nonclassical amino acids
or chemical amino acid analogs (such as D-isomers of the
common amino acids, 2,4-diaminobutyric acid, a-amino
isobutyric acid, 4-aminobutyric acid, and the like) can be
introduced as a substitution or addition into a polypeptide
sequence.

D. Transgenic Systems

In other embodiments modulators may be produced trans-
genically through the generation of a mammal or plant that is
transgenic for recombinant molecules such as the immuno-
globulin heavy and light chain sequences and that produces
the desired compounds in a recoverable form. This includes,
for example, the production of protein modulators (e.g., anti-
bodies) in, and recovery from, the milk of goats, cows, or
other mammals. See, e.g., U.S. Pat. Nos. 5,827,690, 5,756,
687, 5,750,172, and 5,741,957. In some embodiments, non-
human transgenic animals that comprise human immunoglo-
bulin loci are immunized to produce antibodies.

Other transgenic techniques are set forth in Hogan et al.,
Manipulating the Mouse Embryo: A Laboratory Manual 2nd
ed., Cold Spring Harbor Press (1999); Jackson et al., Mouse
Genetics and Transgenics: A Practical Approach, Oxford
University Press (2000); and Pinkert, Transgenic Animal
Technology: A Laboratory Handbook, Academic Press
(1999) and U.S. Pat. No. 6,417,429. In some embodiments,
the non-human animals are mice, rats, sheep, pigs, goats,
cattle or horses, and the desired product is produced in blood,
milk, urine, saliva, tears, mucus and other bodily fluids from
which it is readily obtainable using art-recognized purifica-
tion techniques.

Other compatible production systems include methods for
making antibodies in plants such as described, for example, in
U.S. Pat. Nos. 6,046,037 and 5,959,177 which are incorpo-
rated herein with respect to such techniques.

E. Isolation/Purification

Once a modulator of the invention has been produced by
recombinant expression or any other of the disclosed tech-
niques, it may be purified by any method known in the art for
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purification of immunoglobulins or proteins. In this respect
the modulator may be “isolated” which means that it has been
identified and separated and/or recovered from a component
of its natural environment. Contaminant components of its
natural environment are materials that would interfere with
diagnostic or therapeutic uses for the polypeptide and may
include enzymes, hormones, and other proteinaceous or non-
proteinaceous solutes. Isolated modulators include a modu-
lator in situ within recombinant cells because at least one
component of the polypeptide’s natural environment will not
be present.

Ifthe desired molecule is produced intracellularly, as a first
step, the particulate debris, either host cells or lysed frag-
ments, may be removed, for example, by centrifugation or
ultrafiltration. Where the modulator is secreted into the
medium, supernatants from such expression systems are gen-
erally first concentrated using a commercially available pro-
tein concentration filter, for example, an Amicon or Pellicon
ultrafiltration unit (Millipore Corp.). Once the insoluble con-
taminants are removed the modulator preparation may be
further purified using standard techniques such as, for
example, hydroxylapatite chromatography, gel electrophore-
sis, dialysis, and affinity chromatography, with affinity chro-
matography of particular interest. In this regard protein A can
be used to purify antibodies that are based on human IgG1,
1gG2 or IgG4 heavy chains (Lindmark, et al., ] Immunol Meth
62:1 (1983)) while protein G is recommended for all mouse
isotypes and for human IgG3 (Guss, et al., EMBO J 5:1567
(1986)). Other techniques for protein purification such as
fractionation on an ion-exchange column, ethanol precipita-
tion, reverse phase HPLC, chromatography on silica, chro-
matography on heparin, sepharose chromatography on an
anion or cation exchange resin (such as a polyaspartic acid
column), chromatofocusing, SDS-PAGE and ammonium sul-
fate precipitation are also available depending on the anti-
body to be recovered. In particularly preferred embodiments
the modulators of the instant invention will be purified, at
least in part, using Protein A or Protein G affinity chromatog-
raphy.

V1. DLL3 Modulator Fragments and Derivatives

Whatever generation and production methodology is
selected, modulators of the instant invention will react, bind,
combine, complex, connect, attach, join, interact or otherwise
associate with a target determinant (e.g., antigen) and thereby
provide the desired results. Where the modulator comprises
an antibody or fragment, construct or derivative thereof such
associations may be through one or more “binding sites” or
“binding components™ expressed on the antibody, where a
binding site comprises a region of a polypeptide that is
responsible for selectively binding to a target molecule or
antigen of interest. Binding domains comprise at least one
binding site (e.g., an intact IgG antibody will have two bind-
ing domains and two binding sites). Exemplary binding
domains include an antibody variable domain, a receptor-
binding domain of a ligand, a ligand-binding domain of a
receptor or an enzymatic domain.

A. Antibodies

As noted above, the term “antibody” is intended to cover, at
least, polyclonal antibodies, multiclonal antibodies, chimeric
antibodies, CDR grafted antibodies, humanized and prima-
tized antibodies, human antibodies, recombinantly produced
antibodies, intrabodies, multispecific antibodies, bispecific
antibodies, monovalent antibodies, multivalent antibodies,
anti-idiotypic antibodies, as well as synthetic antibodies.
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B. Fragments

Regardless of which form of the modulator (e.g. chimeric,
humanized, etc.) is selected to practice the invention it will be
appreciated that immunoreactive fragments of the same may
be used in accordance with the teachings herein. An “anti-
body fragment” comprises at least a portion of an intact
antibody. As used herein, the term “fragment” of an antibody
molecule includes antigen-binding fragments of antibodies,
and the term “antigen-binding fragment” refers to a polypep-
tide fragment of an immunoglobulin or antibody that immu-
nospecifically binds or reacts with a selected antigen or
immunogenic determinant thereof or competes with the intact
antibody from which the fragments were derived for specific
antigen binding.

Exemplary fragments include: V;, V,,, scFv, F(ab")2 frag-
ment, Fab fragment, Fd fragment, Fv fragment, single
domain antibody fragments, diabodies, linear antibodies,
single-chain antibody molecules and multispecific antibodies
formed from antibody fragments. In addition, an active frag-
ment comprises a portion of the antibody that retains its
ability to interact with the antigen/substrates or receptors and
modify them in a manner similar to that of an intact antibody
(though maybe with somewhat less efficiency).

In other embodiments, an antibody fragment is one that
comprises the Fc region and that retains at least one of the
biological functions normally associated with the Fc region
when present in an intact antibody, such as FcRn binding,
antibody half-life modulation, ADCC function and comple-
ment binding. In one embodiment, an antibody fragment is a
monovalent antibody that has an in vivo half-life substantially
similar to an intact antibody. For example, such an antibody
fragment may comprise an antigen binding arm linked to an
Fc sequence capable of conferring in vive stability to the
fragment.

As would be well recognized by those skilled in the art,
fragments can be obtained via chemical or enzymatic treat-
ment (such as papain or pepsin) of an intact or complete
antibody or antibody chain or by recombinant means. See,
e.g., Fundamental Immunology, W. E. Paul, ed., Raven Press,
N.Y. (1999), for a more detailed description of antibody frag-
ments.

C. Derivatives

The invention further includes immunoreactive modulator
derivatives and antigen binding molecules comprising one or
more modifications.

1. Multivalent Antibodies

In one embodiment, the modulators of the invention may
be monovalent or multivalent (e.g., bivalent, trivalent, etc.).
As used herein, the term “valency” refers to the number of
potential target binding sites associated with an antibody.
Each target binding site specifically binds one target molecule
or specific position or locus on a target molecule. When an
antibody is monovalent, each binding site of the molecule will
specifically bind to a single antigen position or epitope. When
an antibody comprises more than one target binding site
(multivalent), each target binding site may specifically bind
the same or different molecules (e.g., may bind to different
ligands or different antigens, or different epitopes or positions
on the same antigen). See, for example, U.S.P.N. 2009/
0130105. In each case at least one of the binding sites will
comprise an epitope, motif or domain associated witha DLL3
isoform.

In one embodiment, the modulators are bispecific antibod-
ies in which the two chains have different specificities, as
described in Millstein et al., 1983, Nature, 305:537-539.
Other embodiments include antibodies with additional speci-
ficities such as trispecific antibodies. Other more sophisti-
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cated compatible multispecific constructs and methods of
their fabrication are set forth in U.S.P.N. 2009/0155255, as
well as WO 94/04690; Suresh et al., 1986, Methods in Enzy-
mology, 121:210; and W096/27011.

As alluded to above, multivalent antibodies may immuno-
specifically bind to different epitopes of the desired target
molecule or may immunospecifically bind to both the target
molecule as well as a heterologous epitope, such as a heter-
ologous polypeptide or solid support material. While pre-
ferred embodiments of the anti-DLL3 antibodies only bind
two antigens (i.e. bispecific antibodies), antibodies with addi-
tional specificities such as trispecific antibodies are also
encompassed by the instant invention. Bispecific antibodies
also include cross-linked or “heteroconjugate” antibodies.
For example, one of the antibodies in the heteroconjugate can
be coupled to avidin, the other to biotin. Such antibodies have,
for example, been proposed to target immune system cells to
unwanted cells (U.S. Pat. No. 4,676,980), and for treatment of
HIV infection (WO 91/00360, WO 92/200373, and EP
03089). Heteroconjugate antibodies may be made using any
convenient cross-linking methods. Suitable cross-linking
agents are well known in the art, and are disclosed in U.S. Pat.
No. 4,676,980, along with a number of cross-linking tech-
niques.

In yet other embodiments, antibody variable domains with
the desired binding specificities (antibody-antigen combin-
ing sites) are fused to immunoglobulin constant domain
sequences, such as an immunoglobulin heavy chain constant
domain comprising at least part of the hinge, C2, and/or C,,3
regions, using methods well known to those of ordinary skill
in the art.

2. Fc Region Modifications

In addition to the various modifications, substitutions,
additions or deletions to the variable or binding region of the
disclosed modulators (e.g., Fc-DLL3 or anti-DLIL3 antibod-
ies) set forth above, those skilled in the art will appreciate that
selected embodiments of the present invention may also com-
prise substitutions or modifications ofthe constant region (i.e.
the Fc region). More particularly, it is contemplated that the
DLL3 modulators of the invention may contain inter alia one
or more additional amino acid residue substitutions, muta-
tions and/or modifications which result in a compound with
preferred characteristics including, but not limited to: altered
pharmacokinetics, increased serum halflife, increase binding
affinity, reduced immunogenicity, increased production,
altered Fc ligand binding to an Fc receptor (FcR), enhanced or
reduced “ADCC” (antibody-dependent cell mediated cyto-
toxicity) or “CDC” (complement-dependent cytotoxicity)
activity, altered glycosylation and/or disulfide bonds and
modified binding specificity. In this regard it will be appreci-
ated that these Fc variants may advantageously be used to
enhance the effective anti-neoplastic properties of the dis-
closed modulators.

To this end certain embodiments of the invention may
comprise substitutions or modifications of the Fc region, for
example the addition of one or more amino acid residue,
substitutions, mutations and/or modifications to produce a
compound with enhanced or preferred Fc effector functions.
For example, changes in amino acid residues involved in the
interaction between the Fc domain and an Fe receptor (e.g.,
FeyRI, FeyRIIA and B, FeyRIII and FcRn) may lead to
increased cytotoxicity and/or altered pharmacokinetics, such
as increased serum half-life (see, for example, Ravetch and
Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et al.,
Immunomethods 4:25-34 (1994); and de Haas et al., J. Lab.
Clin. Med. 126:330-41 (1995) each of which is incorporated
herein by reference).
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In selected embodiments, antibodies with increased in vivo
half-lives can be generated by modifying (e.g., substituting,
deleting or adding) amino acid residues identified as involved
in the interaction between the Fc domain and the FcRn recep-
tor (see, e.g., International Publication Nos. WO 97/34631;
WO 04/029207; U.S. Pat. No. 6,737,056 and U.S.P.N. 2003/
0190311. With regard to such embodiments, Fc variants may
provide half-lives in a mammal, preferably a human, of
greaterthan 5 days, greater than 10 days, greater than 15 days,
preferably greater than 20 days, greater than 25 days, greater
than 30 days, greater than 35 days, greater than 40 days,
greater than 45 days, greater than 2 months, greater than 3
months, greater than 4 months, or greater than 5 months. The
increased half-life results in a higher serum titer which thus
reduces the frequency of the administration of the antibodies
and/or reduces the concentration of the antibodies to be
administered. Binding to human FcRn in vivo and serum half
life of human FcRn high affinity binding polypeptides can be
assayed, e.g., in transgenic mice or transfected human cell
lines expressing human FcRn, or in primates to which the
polypeptides with a variant Fc region are administered. WO
2000/42072 describes antibody variants with improved or
diminished binding to FcRns. See also, e.g., Shields et al. J.
Biol. Chem. 9(2):6591-6604 (2001).

In other embodiments, Fc alterations may lead to enhanced
or reduced ADCC or CDC activity. As in known in the art,
CDC refers to the lysing of a target cell in the presence of
complement, and ADCC refers to a form of cytotoxicity in
which secreted Ig bound onto FcRs present on certain cyto-
toxic cells (e.g., Natural Killer cells, neutrophils, and mac-
rophages) enables these cytotoxic effector cells to bind spe-
cifically to an antigen-bearing target cell and subsequently
kill the target cell with cytotoxins. In the context of the instant
invention antibody variants are provided with “altered” FcR
binding affinity, which is either enhanced or diminished bind-
ing as compared to a parent or unmodified antibody or to an
antibody comprising a native sequence FcR. Such variants
which display decreased binding may possess little or no
appreciable binding, e.g., 0-20% binding to the FcR com-
pared to a native sequence, e.g. as determined by techniques
well known in the art. In other embodiments the variant will
exhibit enhanced binding as compared to the native immuno-
globulin Fc domain. It will be appreciated that these types of
Fc variants may advantageously be used to enhance the effec-
tive anti-neoplastic properties of the disclosed antibodies. In
yet other embodiments, such alterations lead to increased
binding affinity, reduced immunogenicity, increased produc-
tion, altered glycosylation and/or disulfide bonds (e.g., for
conjugation sites), modified binding specificity, increased
phagocytosis; and/or down regulation of cell surface recep-
tors (e.g. B cell receptor; BCR), etc.

3. Altered Glycosylation

Still other embodiments comprise one or more engineered
glycoforms, i.e., a DLL3 modulator comprising an altered
glycosylation pattern or altered carbohydrate composition
that is covalently attached to the protein (e.g., in the Fc
domain). See, for example, Shields, R. L. et al. (2002) J. Biol.
Chem. 277:26733-26740. Engineered glycoforms may be
useful for a variety of purposes, including but not limited to
enhancing or reducing effector function, increasing the affin-
ity of the modulator for a target or facilitating production of
the modulator. In certain embodiments where reduced effec-
tor function is desired, the molecule may be engineered to
express an aglycosylated form. Substitutions that may result
in elimination of one or more variable region framework
glycosylation sites to thereby eliminate glycosylation at that
site are well known (see e.g. U.S. Pat. Nos. 5,714,350 and
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6,350,861). Conversely, enhanced effector functions or
improved binding may be imparted to the Fc containing mol-
ecule by engineering in one or more additional glycosylation
sites.

Other embodiments include an Fc variant that has an
altered glycosylation composition, such as a hypotfucosylated
antibody having reduced amounts of fucosyl residues or an
antibody having increased bisecting GIcNAc structures. Such
altered glycosylation patterns have been demonstrated to
increase the ADCC ability of antibodies. Engineered glyco-
forms may be generated by any method known to one skilled
in the art, for example by using engineered or variant expres-
sion strains, by co-expression with one or more enzymes (for
example N-acetylglucosaminyltransferase I1I (GnTI11)), by
expressing a molecule comprising an Fc region in various
organisms or cell lines from various organisms or by modi-
fying carbohydrate(s) after the molecule comprising Fc
region has been expressed (see, for example, WO 2012/
117002).

4. Additional Processing

The modulators may be differentially modified during or
after production, e.g., by glycosylation, acetylation, phos-
phorylation, amidation, derivatization by known protecting/
blocking groups, proteolytic cleavage, linkage to an antibody
molecule or other cellular ligand, etc. Any of numerous
chemical modifications may be carried out by known tech-
niques, including but not limited, to specific chemical cleav-
age by cyanogen bromide, trypsin, chymotrypsin, papain, V8
protease, NaBH,, acetylation, formylation, oxidation, reduc-
tion, metabolic synthesis in the presence of tunicamycin, etc.

Various post-translational modifications also encompassed
by the invention include, for example, N-linked or O-linked
carbohydrate chains, processing of N-terminal or C-terminal
ends, attachment of chemical moieties to the amino acid
backbone, chemical modifications of N-linked or O-linked
carbohydrate chains, and addition or deletion of an N-termi-
nal methionine residue as a result of prokaryotic host cell
expression. Moreover, the modulators may also be modified
with a detectable label, such as an enzymatic, fluorescent,
radioisotopic or affinity label to allow for detection and iso-
lation of the modulator.

VII. Modulator Characteristics

No matter how obtained or which of the aforementioned
forms the modulator takes, various embodiments of the dis-
closed modulators may exhibit certain characteristics. In
selected embodiments, antibody-producing cells (e.g., hybri-
domas or yeast colonies) may be selected, cloned and further
screened for favorable properties including, for example,
robust growth, high modulator production and, as discussed
in more detail below, desirable modulator characteristics. In
other cases characteristics of the modulator may be imparted
or influenced by selecting a particular antigen (e.g., a specific
DLL3 isoform) or immunoreactive fragment of the target
antigen for inoculation of the animal. In still other embodi-
ments the selected modulators may be engineered as
described above to enhance or refine immunochemical char-
acteristics such as affinity or pharmacokinetics.

A. Neutralizing Modulators

In certain embodiments, the modulators will comprise
“neutralizing” antibodies or derivatives or fragments thereof.
That is, the present invention may comprise antibody mol-
ecules that bind specific domains, motifs or epitopes and are
capable of blocking, reducing or inhibiting the biological
activity of DLL3. More generally the term “neutralizing anti-
body” refers to an antibody that binds to or interacts with a
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target molecule or ligand and prevents binding or association
of the target molecule to a binding partner such as a receptor
or substrate, thereby interrupting a biological response that
otherwise would result from the interaction of the molecules.

It will be appreciated that competitive binding assays
known in the art may be used to assess the binding and
specificity of an antibody or immunologically functional
fragment or derivative thereof. With regard to the instant
invention an antibody or fragment will be held to inhibit or
reduce binding of DLL3 to a binding partner or substrate
when an excess of antibody reduces the quantity of binding
partner bound to DLL3 by at least about 20%, 30%, 40%,
50%, 60%, 70%, 80%, 85%, 90%, 95%, 97%, 99% or more as
measured, for example, by Notch receptor activity or in an in
vitro competitive binding assay. In the case of antibodies to
DLL3 for example, a neutralizing antibody or antagonist will
preferably alter Notch receptor activity by at least about 20%,
30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 97%,
99% or more. It will be appreciated that this modified activity
may be measured directly using art-recognized techniques or
may be measured by the impact the altered activity has down-
stream (e.g., oncogenesis, cell survival or activation or sup-
pression of Notch responsive genes). Preferably, the ability of
an antibody to neutralize DLL3 activity is assessed by inhi-
bition of DLL3 binding to a Notch receptor or by assessing its
ability to relieve DLL3 mediated repression of Notch signal-
ing.

B. Internalizing Modulators

There is evidence that a substantial portion of expressed
DLL3 protein remains associated with the tumorigenic cell
surface, thereby allowing for localization and internalization
of the disclosed modulators. In preferred embodiments such
modulators may be associated with, or conjugated to, anti-
cancer agents such as cytotoxic moieties thatkill the cell upon
internalization. In particularly preferred embodiments the
modulator will comprise an internalizing antibody drug con-
jugate.

As used herein, a modulator that “internalizes” is one that
is taken up (along with any payload) by the cell upon binding
to an associated antigen or receptor. As will be appreciated,
the internalizing modulator may, in preferred embodiments,
comprise an antibody including antibody fragments and
derivatives thereof, as well as antibody conjugates. Internal-
ization may occur in vitro or in vivo. For therapeutic appli-
cations, internalization will preferably occur in vivo in a
subject in need thereof. The number of antibody molecules
internalized may be sufficient or adequate to kill an antigen-
expressing cell, especially an antigen-expressing cancer stem
cell. Depending on the potency of the antibody or antibody
conjugate, in some instances, the uptake of a single antibody
molecule into the cell is sufficient to kill the target cell to
which the antibody binds. For example, certain toxins are so
highly potent that the internalization of a few molecules of the
toxin conjugated to the antibody is sufficient to kill the tumor
cell. Whether an antibody internalizes upon binding to a
mammalian cell can be determined by various assays includ-
ing those described in the Examples below (e.g., Examples 12
and 15-17). Methods of detecting whether an antibody inter-
nalizes into a cell are also described in U.S. Pat. No. 7,619,
068 which is incorporated herein by reference in its entirety.

C. Depleting Modulators

In other embodiments the antibodies will comprise deplet-
ing antibodies or derivatives or fragments thereof. The term
“depleting” antibody refers to an antibody that preferably
binds to or associates with an antigen on or near the cell
surface and induces, promotes or causes the death or elimi-
nation of the cell (e.g., by CDC, ADCC or introduction of a
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cytotoxic agent). In some embodiments, the selected deplet-
ing antibodies will be associated or conjugated to a cytotoxic
agent.

Preferably a depleting antibody will be able to remove,
incapacitate, eliminate or kill at least 20%, 30%, 40%, 50%,
60%, 70%, 80%, 85%, 90%, 95%, 97%, or 99% of DLL3
tumorigenic cells in a defined cell population. In some
embodiments the cell population may comprise enriched,
sectioned, purified or isolated tumor perpetuating cells. In
other embodiments the cell population may comprise whole
tumor samples or heterogeneous tumor extracts that comprise
tumor perpetuating cells. Those skilled in the art will appre-
ciate that standard biochemical techniques as described in the
Examples below (e.g., Examples 13 and 14) may be used to
monitor and quantify the depletion of tumorigenic cells or
tumor perpetuating cells in accordance with the teachings
herein.

D. Binning and Epitope Binding

It will further be appreciated the disclosed anti-DLL3 anti-
body modulators will associate with, or bind to, discrete
epitopes or immunogenic determinants presented by the
selected target or fragment thereof. In certain embodiments,
epitope or immunogenic determinants include chemically
active surface groupings of molecules such as amino acids,
sugar side chains, phosphoryl groups, or sulfonyl groups,
and, in certain embodiments, may have specific three-dimen-
sional structural characteristics, and/or specific charge char-
acteristics. Thus, as used herein the term “epitope” includes
any protein determinant capable of specific binding to an
immunoglobulin or T-cell receptor or otherwise interacting
with a molecule. In certain embodiments, an antibody is said
to specifically bind (or immunospecifically bind or react) an
antigen when it preferentially recognizes its target antigen in
a complex mixture of proteins and/or macromolecules. In
preferred embodiments, an antibody is said to specifically
bind an antigen when the equilibrium dissociation constant
(Kp,) is less than or equal to 107°M or less than or equal to
10~"M, more preferably when the equilibrium dissociation
constant is less than or equal to 107M, and even more pref-
erably when the dissociation constant is less than or equal to
10°M

More directly the term “epitope” is used in its common
biochemical sense and refers to that portion of the target
antigen capable of being recognized and specifically bound
by a particular antibody modulator. When the antigen is a
polypeptide such as DLL3, epitopes may generally be formed
from both contiguous amino acids and noncontiguous amino
acids juxtaposed by tertiary folding of a protein (“conforma-
tional epitopes”™). In such conformational epitopes the points
of interaction occur across amino acid residues on the protein
that are linearly separated from one another. Epitopes formed
from contiguous amino acids (sometimes referred to as “lin-
ear” or “continuous” epitopes) are typically retained upon
protein denaturing, whereas epitopes formed by tertiary fold-
ing are typically lost upon protein denaturing. In any event an
antibody epitope typically includes at least 3, and more usu-
ally, at least 5 or 8-10 amino acids in a unique spatial confor-
mation.

In this respect it will be appreciated that, in certain embodi-
ments, an epitope may be associated with, or reside in, one or
more regions, domains or motifs of the DLL3 protein (e.g.,
amino acids 1-618 of isoform 1). As discussed in more detail
herein the extracellular region of the DLL3 protein comprises
a series of generally recognized domains including six EGF-
like domains and a DSL. domain. For the purposes of the
instant disclosure the term “domain” will be used in accor-
dance with its generally accepted meaning and will be held to
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refer to anidentifiable or definable conserved structural entity
within a protein that exhibits a distinctive secondary structure
content. In many cases, homologous domains with common
functions will usually show sequence similarities and be
found in a number of disparate proteins (e.g., EGF-like
domains are reportedly found in at least 471 different pro-
teins). Similarly, the art-recognized term “motif” will be used
in accordance with its common meaning and shall generally
refer to a short, conserved region of a protein that is typically
ten to twenty contiguous amino acid residues. As discussed
throughout, selected embodiments comprise modulators that
associate with or bind to an epitope within specific regions,
domains or motifs of DLL3.

In any event once a desired epitope on an antigen is deter-
mined, it is possible to generate antibodies to that epitope,
e.g., by immunizing with a peptide comprising the epitope
using techniques described in the present invention. Alterna-
tively, during the discovery process, the generation and char-
acterization of antibodies may elucidate information about
desirable epitopes located in specific domains or motifs.
From this information, it is then possible to competitively
screen antibodies for binding to the same epitope. An
approach to achieve this is to conduct competition studies to
find antibodies that competitively bind with one another, i.e.
the antibodies compete for binding to the antigen. A high
throughput process for binning antibodies based upon their
cross-competition is described in WO 03/48731. Other meth-
ods of binning or domain level or epitope mapping compris-
ing modulator competition or antigen fragment expression on
yeast is set forth in Examples 9 and 10 below.

As used herein, the term “binning” refers to methods used
to group or classify antibodies based on their antigen binding
characteristics and competition. While the techniques are
useful for defining and categorizing modulators of the instant
invention, the bins do not always directly correlate with
epitopes and such initial determinations of epitope binding
may be further refined and confirmed by other art-recognized
methodology as described herein. However, as discussed and
shown in the Examples below, empirical assignment of anti-
body modulators to individual bins provides information that
may be indicative of the therapeutic potential of the disclosed
modulators.

More specifically, one can determine whether a selected
reference antibody (or fragment thereof) binds to the same
epitope or cross competes for binding with a second test
antibody (i.e., is in the same bin) by using methods known in
the art and set forth in the Examples herein. In one embodi-
ment, a reference antibody modulator is associated with
DLL3 antigen under saturating conditions and then the ability
of'a secondary or test antibody modulator to bind to DLL3 is
determined using standard immunochemical techniques. If
the test antibody is able to substantially bind to DLL3 at the
same time as the reference anti-DLL3 antibody, then the
secondary or test antibody binds to a different epitope than the
primary or reference antibody. However, if the test antibody is
not able to substantially bind to DLL3 at the same time, then
the test antibody binds to the same epitope, an overlapping
epitope, or an epitope that is in close proximity (at least
sterically) to the epitope bound by the primary antibody. That
is, the test antibody competes for antigen binding and is in the
same bin as the reference antibody.

The term “compete” or “competing antibody” when used
in the context of the disclosed modulators means competition
between antibodies as determined by an assay in which a test
antibody or immunologically functional fragment under test
prevents or inhibits specific binding of a reference antibody to
a common antigen. Typically, such an assay involves the use
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of purified antigen (e.g., DLL3 or a domain or fragment
thereof) bound to a solid surface or cells bearing either of
these, an unlabeled test immunoglobulin and a labeled refer-
ence immunoglobulin. Competitive inhibition is measured by
determining the amount of label bound to the solid surface or
cells in the presence of the test immunoglobulin. Usually the
test immunoglobulin is present in excess and/or allowed to
bind first. Antibodies identified by competition assay (com-
peting antibodies) include antibodies binding to the same
epitope as the reference antibody and antibodies binding to an
adjacent epitope sufficiently proximal to the epitope bound by
the reference antibody for steric hindrance to occur. Addi-
tional details regarding methods for determining competitive
binding are provided in the Examples herein. Usually, when a
competing antibody is present in excess, it will inhibit spe-
cific binding of a reference antibody to a common antigen by
at least 30%, 40%, 45%, 50%, 55%, 60%, 65%, 70% or 75%.
In some instance, binding is inhibited by at least 80%, 85%,
90%, 95%, or 97% or more.

Conversely, when the reference antibody is bound it will
preferably inhibit binding of a subsequently added test anti-
body (i.e., a DLL3 modulator) by at least 30%, 40%, 45%,
50%, 55%, 60%, 65%, 70% or 75%. In some instance, bind-
ing of the test antibody is inhibited by at least 80%, 85%,
90%, 95%, or 97% or more.

With regard to the instant invention, and as set forth in the
Examples 9 and 10 below, it has been determined (via surface
plasmon resonance or bio-layer interferometry) that the
extracellular domain of DLL3 defines at least nine bins by
competitive binding termed “bin A” to “bin I”” herein. Given
the resolution provided by modulator binning techniques, it is
believed that these nine bins comprise the majority of the bins
that are present in the extracellular region of the DLL3 pro-
tein.

In this respect, and as known in the art and detailed in the
Examples below, the desired binning or competitive binding
data can be obtained using solid phase direct or indirect
radioimmunoassay (RIA), solid phase direct or indirect
enzyme immunoassay (EIA or ELISA), sandwich competi-
tion assay, a Biacore™ 2000 system (i.e., surface plasmon
resonance—GE Healthcare), a ForteBio® Analyzer (i.e., bio-
layer interferometry—ForteBio, Inc.) or flow cytometric
methodology. The term “surface plasmon resonance,” as used
herein, refers to an optical phenomenon that allows for the
analysis of real-time specific interactions by detection of
alterations in protein concentrations within a biosensor
matrix. The term “bio-layer interferometry” refers to an opti-
cal analytical technique that analyzes the interference pattern
of white light reflected from two surfaces: a layer of immo-
bilized protein on a biosensor tip, and an internal reference
layer. Any change in the number of molecules bound to the
biosensor tip causes a shift in the interference pattern that can
be measured in real-time. In particularly preferred embodi-
ments the analysis (whether surface plasmon resonance, bio-
layer interferometry or flow cytometry) is performed using a
Biacore or ForteBio instrument or a flow cytometer (e.g.,
FACSAria II) as demonstrated in the Examples below.

In order to further characterize the epitopes that the dis-
closed DLL3 antibody modulators associate with or bind to,
domain-level epitope mapping was performed using a modi-
fication of the protocol described by Cochran et al. (J Immu-
nol Methods. 287 (1-2):147-158 (2004) which is incorpo-
rated herein by reference). Briefly, individual domains of
DLL3 comprising specific amino acid sequences were
expressed on the surface of yeast and binding by each DLL3
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antibody was determined through flow cytometry. The results
are discussed below in Example 10 and shown in FIGS. 14A
and 14B.

Other compatible epitope mapping techniques include ala-
nine scanning mutants, peptide blots (Reineke (2004) Meth-
ods Mol Biol 248:443-63) (herein specifically incorporated
by reference in its entirety), or peptide cleavage analysis. In
addition, methods such as epitope excision, epitope extrac-
tion and chemical modification of antigens can be employed
(Tomer (2000) Protein Science 9: 487-496) (herein specifi-
cally incorporated by reference in its entirety). In other
embodiments Modification-Assisted Profiling (MAP), also
known as Antigen Structure-based Antibody Profiling
(ASAP) provides a method that categorizes large numbers of
monoclonal antibodies (mAbs) directed against the same
antigen according to the similarities of the binding profile of
each antibody to chemically or enzymatically modified anti-
gen surfaces (U.S.P.N. 2004/0101920, herein specifically
incorporated by reference in its entirety). Each category may
reflect a unique epitope either distinctly different from or
partially overlapping with epitope represented by another
category. This technology allows rapid filtering of genetically
identical antibodies, such that characterization can be
focused on genetically distinct antibodies. It will be appreci-
ated that MAP may be used to sort the hDLL3 antibody
modulators of the invention into groups of antibodies binding
different epitopes

Agents useful for altering the structure of the immobilized
antigen include enzymes such as proteolytic enzymes (e.g.,
trypsin, endoproteinase Glu-C, endoproteinase Asp-N, chy-
motrypsin, etc.). Agents useful for altering the structure of the
immobilized antigen may also be chemical agents, such as,
succinimidyl esters and their derivatives, primary amine-con-
taining compounds, hydrazines and carbohydrazines, free
amino acids, etc.

The antigen protein may be immobilized on either biosen-
sor chip surfaces or polystyrene beads. The latter can be
processed with, for example, an assay such as multiplex
LUMINEX™ detection assay (Luminex Corp.). Because of
the capacity of LUMINEX to handle multiplex analysis with
up to 100 different types of beads, LUMINEX provides
almost unlimited antigen surfaces with various modifications,
resulting in improved resolution in antibody epitope profiling
over a biosensor assay.

E. Modulator Binding Characteristics

Besides epitope specificity the disclosed antibodies may be
characterized using physical characteristics such as, for
example, binding affinities. In this regard the present inven-
tion further encompasses the use of antibodies that have a
high binding affinity for one or more DLL3 isoforms or, in the
case of pan-antibodies, more than one member of the DLL
family.

The term “K,,”, as used herein, is intended to refer to the
dissociation constant of a particular antibody-antigen inter-
action. An antibody of the invention is said to immunospe-
cifically bind its target antigen when the dissociation constant
Kp (k. 7k,,) is <107"M. The antibody specifically binds anti-
gen with high affinity when the K, is <5x107°M, and with
very high affinity when the K, is =5x107*°M. In one embodi-
ment of the invention, the antibody has a K, of =10~°M and
an off-rate of about 1x10~*sec. In one embodiment of the
invention, the off-rate is =1x107%/sec. In other embodiments
of the invention, the antibodies will bind to DLL3 with a K,
of between about 10~’M and 107'°M, and in yet another
embodiment it will bind with a K,,=2x107'°M. Still other
selected embodiments of the present invention comprise anti-
bodies that have a disassociation constant or K, (k,/k,,,) of
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less than 1072M, less than 5x1072M, less than 107>M, less
than 5x1073>M, less than 10~*M, less than 5x10~*M, less than
10-°M, less than 5x10™°M, less than 10~°M, less than 5x10~°
M, less than 1077M, less than 5x10~"M, less than 10*M, less
than 5x1073M, less than 10~°M, less than 5x10~°M, less than
1071°M, less than 5x107'°M, less than 107''M, less than
5x107''M, less than 107'*M, less than 5x107'?M, less than
107**M, less than 5x107'3M, less than 10~!*M, less than
5x107*M, less than 107'°M or less than 5x107'°M.

In specific embodiments, an antibody of the invention that
immunospecifically binds to DLL3 has an association rate
constant or k,, (or k) rate (DLL3 (Ab)+antigen (Ag)*,,<
Ab-Ag) of at least 10°M~'s7!, at least 2x10°M~'s7!, at least
5%10°M™1s7!, at least 105M~1s7!, at least 5x10°M™1s!, at
least 10’M™'s7!, atleast 5x10’M™'s™!, or at least 10°M s

In another embodiment, an antibody of the invention that
immunospecifically binds to DLL3 has a disassociation rate
constant or k. (or k,) rate (DLL3 (Ab)+antigen (Ag),,«—
Ab-Ag) of less than 107's7", less than 5x107's™", less than
102571, less than 5x107%s7!, less than 10~3s7!, less than
5x1073s7!, less than 107%s™%, less than 5x107*s™", less than
10757, less than 5x107°s7!, less than 107%~!, less than
5%107%! less than 107 757!, less than 5x10~7s7%, less than
107857, less than 5x107%s7!, less than 107°s7!, less than
5x107%s7! or less than 107 '%!.

In other selected embodiments of the present invention
anti-DLL3 antibodies will have an affinity constant or K,
(ko /K, of at least 10°M™, at least 5x10°M™, at least 10°
M, atleast 5x10°M™*, atleast 10*M™!, atleast Sx10*M™!, at
least 10°M™!, at least 5x10°M™?, at least 10°M™!, at least
5x10°M™, at least 10’M™!, at least 5x10’M™*, at least 10®
ML, atleast 5x105M™!, atleast 10°M™?, at least 5x10°M ™!, at
least 10'°M™", at least Sx10'°M™!, at least 10"'M", at least
5x10"'M™, at least 10'°M™', at least 5x10"*M™", at least
10°M™1, at least 5x10"°M™%, at least 10™*M™!, at least
5x10"M™, at least 10'°M™" or at least 5x10°M™*.

Besides the aforementioned modulator characteristics
antibodies of the instant invention may further be character-
ized using additional physical characteristics including, for
example, thermal stability (i.e., melting temperature; Tm),
and isoelectric points. (See, e.g., Bjellgvist et al., 1993, Elec-
trophoresis 14:1023; Vermeer et al,, 2000, Biophys. J.
78:394-404; Vermeer et al., 2000, Biophys. J. 79: 2150-2154
each of which is incorporated herein by reference).

VIII. Conjugated Modulators

A. Overview

Once the modulators of the invention have been generated
and/or fabricated and selected according to the teachings
herein they may be linked with, fused to, conjugated to (e.g.,
covalently or non-covalently) or otherwise associated with
pharmaceutically active or diagnostic moieties or biocompat-
ible modifiers. As used herein the term “conjugate” or “modu-
lator conjugate” or “antibody conjugate” will be used broadly
and held to mean any biologically active or detectable mol-
ecule or drug associated with the disclosed modulators
regardless of the method of association. In this respect it will
be understood that such conjugates may, in addition to the
disclosed modulators, comprise peptides, polypeptides, pro-
teins, prodrugs which are metabolized to an active agent in
vivo, polymers, nucleic acid molecules, small molecules,
binding agents, mimetic agents, synthetic drugs, inorganic
molecules, organic molecules and radioisotopes. Moreover,
as indicated above the selected conjugate may be covalently
or non-covalently associated with, or linked to, the modulator
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and exhibit various stoichiometric molar ratios depending, at
least in part, on the method used to effect the conjugation.

Particularly preferred aspects of the instant invention will
comprise antibody modulator conjugates or antibody-drug
conjugates that may be used for the diagnosis and/or treat-
ment of proliferative disorders. It will be appreciated that,
unless otherwise dictated by context, the term “antibody-drug
conjugate” or “ADC” or the formula M-[L-D]n shall be held
to encompass conjugates comprising both therapeutic and
diagnostic moieties. In such embodiments antibody-drug
conjugate compounds will comprise a DLL3 modulator (typi-
cally an anti-DLL3 antibody) as the modulator or cellular
binding unit (abbreviated as CBA, M, or Ab herein), a thera-
peutic (e.g., anti-cancer agent) or diagnostic moiety (D), and
optionally a linker (L) that joins the drug and the antigen
binding agent. For the purposes of the instant disclosure “n”
shall be held to mean an integer from 1 to 20. In a preferred
embodiment, the modulator is a DLL3 mAb comprising at
least one CDR from the heavy and light chain variable regions
as described above.

Those skilled in the art will appreciate that a number of
different reactions are available for the attachment or asso-
ciation of therapeutic or diagnostic moieties and/or linkers to
binding agents. In selected embodiments this may be accom-
plished by reaction of the amino acid residues of the binding
agent, e.g., antibody molecule, including the amine groups of
lysine, the free carboxylic acid groups of glutamic and aspar-
tic acid, the sulthydryl groups of cysteine and the various
moieties of the aromatic amino acids. One of the most com-
monly used non-specific methods of covalent attachment is
the carbodiimide reaction to link a carboxy (or amino) group
of'a compound to amino (or carboxy) groups of the antibody.
Additionally, bifunctional agents such as dialdehydes or imi-
doesters have been used to link the amino group of a com-
pound to amino groups of an antibody molecule. Also avail-
able for attachment of drugs to binding agents is the Schiff
base reaction. This method involves the periodate oxidation
of'adrug that contains glycol or hydroxy groups, thus forming
an aldehyde which is then reacted with the binding agent.
Attachment occurs via formation of a Schiff base with amino
groups of the binding agent. [sothiocyanates and azlactones
can also be used as coupling agents for covalently attaching
drugs to binding agents.

In other embodiments the disclosed modulators of the
invention may be conjugated or associated with proteins,
polypeptides or peptides that impart selected characteristics
(e.g., biotoxins, biomarkers, purification tags, etc.). In certain
preferred embodiments the present invention encompasses
the use of modulators or fragments thereof recombinantly
fused or chemically conjugated (including both covalent and
non-covalent conjugations) to a heterologous protein or pep-
tide wherein the protein or peptide comprises at least 10, at
least 20, at least 30, at least 40, at least 50, at least 60, at least
70, at least 80, at least 90 or at least 100 amino acids. The
construct does not necessarily need to be directly linked, but
may occur through amino acid linker sequences. For
example, antibodies may be used to target heterologous
polypeptides to particular cell types expressing DLL3, either
in vitro or in vivo, by fusing or conjugating the modulators of
the present invention to antibodies specific for particular cell
surface receptors to provide bispecific constructs. Moreover,
modulators fused or conjugated to heterologous polypeptides
may also be used in in vitro immunoassays and may be
particularly compatible with purification methodology (e.g.,
his-tags) as is known in the art. See e.g., International publi-
cation No. WO 93/21232; European Patent No. EP 439,095;
Naramuraetal., 1994, Immunol. Lett. 39:91-99; U.S. Pat. No.
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5,474,981, Gillies et al., 1992, PNAS 89:1428-1432; and Fell
etal., 1991, J. Immunol. 146:2446-2452.

B. Linkers

Besides the aforementioned peptide linkers or spacers, it
will be appreciated that several other varieties or types of
linker may be used to associate the disclosed modulators with
pharmaceutically active or diagnostic moieties or biocompat-
ible modifiers. In some embodiments, the linker is cleavable
under intracellular conditions, such that cleavage of the linker
releases the drug unit from the antibody in the intracellular
environment. In yet other embodiments, the linker unit is not
cleavable and the drug is released, for example, by antibody
degradation.

The linkers of the ADC are preferably stable extracellu-
larly, prevent aggregation of ADC molecules and keep the
ADC freely soluble in aqueous media and in a monomeric
state. Before transport or delivery into a cell, the antibody-
drug conjugate (ADC) is preferably stable and remains intact,
i.e. the antibody remains linked to the drug moiety. The link-
ers are stable outside the target cell and may be cleaved at
some efficacious rate inside the cell. An effective linker will:
(1) maintain the specific binding properties of the antibody;
(ii) allow intracellular delivery of the conjugate or drug moi-
ety; (iii) remain stable and intact, i.e. not cleaved, until the
conjugate has been delivered or transported to its targeted
site; and (iv) maintain a cytotoxic, cell-killing effect or a
cytostatic effect of the PBD drug moiety. Stability of the ADC
may be measured by standard analytical techniques such as
mass spectroscopy, HPLC, and the separation/analysis tech-
nique LC/MS. Covalent attachment of the antibody and the
drug moiety requires the linker to have two reactive func-
tional groups, i.e. bivalency in a reactive sense. Bivalent
linker reagents which are useful to attach two or more func-
tional or biologically active moieties, such as peptides,
nucleic acids, drugs, toxins, antibodies, haptens, and reporter
groups are known, and methods have been described their
resulting conjugates (Hermanson, G. T. (1996) Bioconjugate
Techniques; Academic Press: New York, p 234-242).

To this end certain embodiments of the invention comprise
the use a linker that is cleavable by a cleaving agent that is
present in the intracellular environment (e.g., within a lyso-
some or endosome or caveolae). The linker can be, for
example, a peptidyl linker that is cleaved by an intracellular
peptidase or protease enzyme, including, but not limited to, a
lysosomal or endosomal protease. In some embodiments, the
peptidyl linker is at least two amino acids long or at least three
amino acids long. Cleaving agents can include cathepsins B
and D and plasmin, each of which is known to hydrolyze
dipeptide drug derivatives resulting in the release of active
drug inside target cells. Exemplary peptidyl linkers that are
cleavable by the thiol-dependent protease Cathepsin-B are
peptides comprising Phe-Leu since Cathepsin-B has been
found to be highly expressed in cancerous tissue. Other
examples of such linkers are described, for example, in U.S.
Pat.No. 6,214,345 and U.S.P.N. 2012/0078028 each of which
incorporated herein by reference in its entirety. In a specific
preferred embodiment, the peptidyl linker cleavable by an
intracellular protease is a Val-Cit linker, an Ala-Val linker or
a Phe-Lys linker such as is described in U.S. Pat. No. 6,214,
345. One advantage of using intracellular proteolytic release
of'the therapeutic agent is that the agent is typically attenuated
when conjugated and the serum stabilities of the conjugates
are typically high.

In other embodiments, the cleavable linker is pH-sensitive,
i.e., sensitive to hydrolysis at certain pH values. Typically, the
pH-sensitive linker hydrolyzable under acidic conditions. For
example, an acid-labile linker that is hydrolyzable in the
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lysosome (e.g., a hydrazone, oxime, semicarbazone, thi-
osemicarbazone, cis-aconitic amide, orthoester, acetal, ketal,
or the like) can be used (See, e.g., U.S. Pat. Nos. 5,122,368;
5,824,805; 5,622,929). Such linkers are relatively stable
under neutral pH conditions, such as those in the blood, but
are unstable at below pH 5.5 or 5.0, the approximate pH of the
lysosome.

In yet other embodiments, the linker is cleavable under
reducing conditions (e.g., a disulfide linker). A variety of
disulfide linkers are known in the art, including, for example,
those that can be formed using SATA (N-succinimidyl-S-

acetylthioacetate), SPDP (N-succinimidyl-3-(2-py-
ridyldithio)propionate), SPDB (N-succinimidyl-3-(2-py-
ridyldithio) butyrate) and SMPT (N-succinimidyl-

oxycarbonyl-alpha-methyl-alpha-(2-pyridyl-dithio)toluene).
In yet other specific embodiments, the linker is a malonate
linker (Johnson et al., 1995, Anticancer Res. 15:1387-93), a
maleimidobenzoyl linker (Lau et al., 1995, Bioorg-Med-
Chem. 3(10):1299-1304), or a 3'-N-amide analog (Lau et al.,
1995, Bioorg-Med-Chem. 3(10):1305-12). In yet other
embodiments, the linker unit is not cleavable and the drug is
released by antibody degradation. (See U.S. Publication No.
2005/0238649 incorporated by reference herein in its entirety
and for all purposes).

More particularly, in preferred embodiments (set forth in
U.S.P.N. 2011/0256157 which is incorporated herein by ref-
erence in its entirety) compatible linkers will comprise:

L! o} *
A/ >~ \“/

e}

where the asterisk indicates the point of attachment to the
cytotoxic agent, CBA is a cell binding agent/modulator, L' is
a linker, A is a connecting group connecting L' to the cell
binding agent, L? is a covalent bond or together with —OC
(=0)— forms a self-immolative linker, and L* or L* is a
cleavable linker.

L' is preferably the cleavable linker, and may be referred to
as a trigger for activation of the linker for cleavage.

The nature of L' and L2, where present, can vary widely.
These groups are chosen on the basis of their cleavage char-
acteristics, which may be dictated by the conditions at the site
to which the conjugate is delivered. Those linkers that are
cleaved by the action of enzymes are preferred, although
linkers that are cleavable by changes in pH (e.g. acid or base
labile), temperature or upon irradiation (e.g. photolabile) may
also be used. Linkers that are cleavable under reducing or
oxidising conditions may also find use in the present inven-
tion.

L' may comprise a contiguous sequence of amino acids.
The amino acid sequence may be the target substrate for
enzymatic cleavage, thereby allowing release of R'° from the
N10 position.

In one embodiment, L' is cleavable by the action of an
enzyme. In one embodiment, the enzyme is an esterase or a
peptidase.

In one embodiment, L> is present and together with
—C(—=0)O— forms a self-immolative linker. In one
embodiment, L? is a substrate for enzymatic activity, thereby
allowing release of R*® from the N10 position.

In one embodiment, where L' is cleavable by the action of
an enzyme and L? is present, the enzyme cleaves the bond
between L' and L.
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L' and L?, where present, may be connected by a bond
selected from:

—C(=0O)NH—, —C(=0)0—, —NHC(=0)—, —OC
(=0)—, —0OC(—=0)0—, —NHC(—0)0—, —OC(=0)
NH—, and —NHC(—O)NH—.

An amino group of L' that connects to L? may be the
N-terminus of an amino acid or may be derived from an amino
group of an amino acid side chain, for example a lysine amino
acid side chain.

A carboxyl group of L' that connects to L* may be the
C-terminus of an amino acid or may be derived from a car-
boxyl group of an amino acid side chain, for example a
glutamic acid amino acid side chain.

A hydroxyl group of L* that connects to L* may be derived
from a hydroxyl group of an amino acid side chain, for
example a serine amino acid side chain.

The term “amino acid side chain” includes those groups
found in: (i) naturally occurring amino acids such as alanine,
arginine, asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryp-
tophan, tyrosine, and valine; (ii) minor amino acids such as
ornithine and citrulline; (iii) unnatural amino acids, beta-
amino acids, synthetic analogs and derivatives of naturally
occurring amino acids; and (iv) all enantiomers, diastere-
omers, isomerically enriched, isotopically labelled (e.g. *H,
*H, **C, 1°N), protected forms, and racemic mixtures thereof.

In one embodiment, —C(—0)O— and L? together form
the group:

where the asterisk indicates the point of attachment to the
drug or cytotoxic agent position, the wavy line indicates the
point of attachment to the linker L', Y is —N(H)—, —O—,
—C(—=O)NH)— or —C(—0)O—, and n is 0 to 3. The
phenylene ring is optionally substituted with one, two or three
substituents as described herein. In one embodiment, the
phenylene group is optionally substituted with halo, NO,, R
or OR.

In one embodiment, Y is NH.
In one embodiment, n is O or 1. Preferably, n is 0.

Where Y is NH and n is 0, the self-immolative linker may
be referred to as a p-aminobenzylcarbonyl linker (PABC).

The self-immolative linker will allow for release of the
protected compound when a remote site is activated, proceed-
ing along the lines shown below (for n=0):

L*
CO, T

~
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-continued

where L* is the activated form of the remaining portion of
the linker. These groups have the advantage of separating the
site of activation from the compound being protected. As
described above, the phenylene group may be optionally sub-
stituted.
In one embodiment described herein, the group L* is a linker
L' as described herein, which may include a dipeptide group.

In another embodiment, —C(=0)0O— and L? together
form a group selected from:

)

¢}

where the asterisk, the wavy line, Y, and n are as defined
above. Each phenylene ring is optionally substituted with
one, two or three substituents as described herein. In one
embodiment, the phenylene ring having the Y substituent is
optionally substituted and the phenylene ring not having the Y
substituent is unsubstituted. In one embodiment, the phe-
nylene ring having the Y substituent is unsubstituted and the
phenylene ring not having the Y substituent is optionally
substituted.

In another embodiment, —C(—0)O— and L? together
form a group selected from:

y .y

where the asterisk, the wavy line, Y, and n are as defined
above, Eis O, Sor NR,Dis N, CH, or CR, and F is N, CH, or
CR.

In one embodiment, D is N.

In one embodiment, D is CH.

In one embodiment, E is O or S.

In one embodiment, F is CH.
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In a preferred embodiment, the linker is a cathepsin labile
linker.

In one embodiment, L' comprises a dipeptide. The dipep-
tide may be represented as —NH—X,—X,—CO—, where
—NH— and —CO—represent the N- and C-terminals of the
amino acid groups X, and X, respectively. The amino acids in
the dipeptide may be any combination of natural amino acids.
Where the linker is a cathepsin labile linker, the dipeptide
may be the site of action for cathepsin-mediated cleavage.

Additionally, for those amino acids groups having car-
boxyl or amino side chain functionality, for example Glu and
Lys respectively, CO and NH may represent that side chain
functionality.

In one embodiment, the group —X,—X,— in dipeptide,
—NH—X,—X,—CO—, is selected from:
-Phe-Lys-, -Val-Ala-, -Val-Lys-, -Ala-Lys-, -Val-Cit-,

-Phe-Cit-, -Leu-Cit-, -Ile-Cit-, -Phe-Arg- and - Trp-Cit- where
Cit is citrulline.

Preferably, the group —X,—X,— in dipeptide, —NH—
X,—X,—CO—, is selected from:

-Phe-Lys-, -Val-Ala-, -Val-Lys-, -Ala-Lys-, and -Val-Cit-.

Most preferably, the group —X,—X,— in dipeptide,
—NH—X,—X,—CO—, is -Phe-Lys- or -Val-Ala-.

Other dipeptide combinations may be used, including
those described by Dubowchik et al., Bioconjugate Chemis-
try, 2002, 13, 855-869, which is incorporated herein by ref-
erence.

In one embodiment, the amino acid side chain is deriva-
tised, where appropriate. For example, an amino group or
carboxy group of an amino acid side chain may be deriva-
tised.

In one embodiment, an amino group NH, of a side chain
amino acid, such as lysine, is a derivatised form selected from
the group consisting of NHR and NRR".

Inone embodiment, a carboxy group COOH of a side chain
amino acid, such as aspartic acid, is a derivatised form
selected from the group consisting of COOR, CONH,,
CONHR and CONRR'.

In one embodiment, the amino acid side chain is chemi-
cally protected, where appropriate. The side chain protecting
group may be a group as discussed below in relation to the
group R”. Protected amino acid sequences are cleavable by
enzymes. For example, it has been established that a dipeptide
sequence comprising a Boc side chain-protected Lys residue
is cleavable by cathepsin.

Protecting groups for the side chains of amino acids are
well known in the art and are described in the Novabiochem
Catalog. Additional protecting group strategies are set out in
Protective Groups in Organic Synthesis, Greene and Wuts.

Possible side chain protecting groups are shown below for
those amino acids having reactive side chain functionality:

Arg: 7, Mtr, Tos;

Asn: Trt, Xan;

Asp: Bzl, t-Bu;

Cys: Acm, Bzl, Bz1-OMe, Bzl-Me, Trt;

Glu: Bzl, t-Bu;

Gln: Trt, Xan;

His: Boc, Dnp, Tos, Trt;

Lys: Boc, Z—Cl, Fmoc, Z, Alloc;

Ser: Bzl, TBDMS, TBDPS;

Thr: Bz;

Trp: Boc;

Tyr: Bzl, Z, Z—Br.

In one embodiment, the side chain protection is selected to
be orthogonal to a group provided as, or as part of, a capping
group, where present. Thus, the removal of the side chain
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protecting group does not remove the capping group, or any
protecting group functionality that is part of the capping
group.

In other embodiments of the invention, the amino acids
selected are those having no reactive side chain functionality.
For example, the amino acids may be selected from: Ala, Gly,
Ile, Leu, Met, Phe, Pro, and Val.

In one embodiment, the dipeptide is used in combination
with a self-immolative linker. The self-immolative linker may
be connected to —X,—.

Where a self-immolative linker is present, —X,— is con-
nected directly to the self-immolative linker. Preferably the
group —X,—CO— is connected to Y, where Y is NH,
thereby forming the group —X,—CO—NH—.

—NH—X,— is connected directly to A. A may comprise
the functionality —CO— thereby to form an amide link with
—X,—

In one embodiment, L* and I* together with—OC(=0)—
comprise the group NH—X,—X,—CO-PABC-. The PABC
group is connected directly to the cytotoxic agent. Preferably,
the self-immolative linker and the dipeptide together form the
group —NH-Phe-Lys-CO—NH-PABC-, which is illustrated
below:

e

NH,

where the asterisk indicates the point of attachment to the
selected cytotoxic moiety, and the wavy line indicates the
point of attachment to the remaining portion of the linker L*
or the point of attachment to A. Preferably, the wavy line
indicates the point of attachment to A. The side chain of the
Lys amino acid may be protected, for example, with Boc,
Fmoc, or Alloc, as described above.

Alternatively, the self-immolative linker and the dipeptide
together form the group —NH-Val-Ala-CO—NH-PABC-,
which is illustrated below:

o}

.

(@)
O
v)j{ H\)k
N
N v N
H H H
O

where the asterisk and the wavy line are as defined above.

Alternatively, the self-immolative linker and the dipeptide
together form the group —NH-Val-Cit-CO—NH-PABC-,
which is illustrated below:
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B

NH

LN /Ko

where the asterisk and the wavy line are as defined above.

*

£

-

In some embodiments of the present invention, it may be
preferred that if the drug moiety contains an unprotected
imine bond, e.g. if moiety B is present, then the linker does
not contain a free amino (H,N—) group. Thus if the linker has
the structure - A-L"'-L2- then this would preferably not contain
a free amino group. This preference is particularly relevant
when the linker contains a dipeptide, for example as L'; in this
embodiment, it would be preferred that one of the two amino
acids is not selected from lysine.

Without wishing to be bound by theory, the combination of
an unprotected imine bond in the drug moiety and a free
amino group in the linker can cause dimerisation of the drug-
linker moiety which may interfere with the conjugation of
such a drug-linker moiety to an antibody. The cross-reaction
of'these groups may be accelerated in the case the free amino
group is present as an ammonium ion (H;N*—), such as
when a strong acid (e.g. TFA) has been used to deprotect the
free amino group.

In one embodiment, A is a covalent bond. Thus, L' and the
cell binding agent are directly connected. For example, where
L' comprises a contiguous amino acid sequence, the N-ter-
minus of the sequence may connect directly to the cell bind-
ing agent.

Thus, where A is a covalent bond, the connection between
the cell binding agent and L' may be selected from:

—C(=0O)NH—, —C(—=0)0O—, —NHC(=0)—, —0C
(=0)—, —0OC(—=0)0—, —NHC(—0)0—, —OC(=0)
NH—, —NHC(—O)NH—, —C(—O)NHC(—0)—, —S—,
—S—S—, —CH,C(—0)—, and —N—NH—.

An amino group of L' that connects to the DLL3 modulator
may be the N-terminus of an amino acid or may be derived
from an amino group of an amino acid side chain, for example
a lysine amino acid side chain.

A carboxyl group of L' that connects to the modulator may
be the C-terminus of an amino acid or may be derived from a
carboxyl group of an amino acid side chain, for example a
glutamic acid amino acid side chain.

A hydroxyl group of L! that connects to the cell binding
agent may be derived from a hydroxyl group of an amino acid
side chain, for example a serine amino acid side chain.

A thiol group of L' that connects to a modulator agent may
be derived from a thiol group of an amino acid side chain, for
example a serine amino acid side chain.

The comments above in relation to the amino, carboxyl,
hydroxyl and thiol groups of L* also apply to the cell binding
agent.
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In one embodiment, L* together with —OC(=0)— rep-

resents:
Y )OI\
|\ I ~ " 0 *

F

E

where the asterisk indicates the point of attachment to the
N10 position, the wavy line indicates the point of attachment
to L', nis 0 to 3, is a covalent bond or a functional group,
and E is an activatable group, for example by enzymatic
action or light, thereby to generate a self-immolative unit. The
phenylene ring is optionally further substituted with one, two
or three substituents as described herein. In one embodiment,
the phenylene group is optionally further substituted with
halo, NO,, R or OR. Preferably n is O or 1, most preferably 0.

Eis selected such that the group is susceptible to activation,
e.g. by light or by the action of an enzyme. E may be —NO,
or glucoronic acid. The former may be susceptible to the
action of a nitroreductase, the latter to the action of a p-glu-
coronidase.

In this embodiment, the self-immolative linker will allow
for release of the protected compound when E is activated,
proceeding along the lines shown below (for n=0):

*

E

=
v

— = CO, +
OYO x IJJ}#J

*

where the asterisk indicates the point of attachment to the
N10 position, E* is the activated form of E, and Y is as
described above. These groups have the advantage of sepa-
rating the site of activation from the compound being pro-
tected. As described above, the phenylene group may be
optionally further substituted.

The group Y may be a covalent bond to L*.

The group Y may be a functional group selected from:

~Cc(=0)-, —NH -, O, —C(ONH_,
— C(=0)0—, —NHC(=0)—, —OC(=0)—, —OC
(—0)0—, —NHC(=0)0—, —OC(—O)NH—, —NHC

(=O)NH—, —NHC(—O)NH, —C(—O)NHC(—0)—, and

Where L' is a dipeptide, it is preferred that Y is —NH— or
—C(=0)—, thereby to form an amide bond between L' and
Y. In this embodiment, the dipeptide sequence need not be a
substrate for an enzymatic activity.

In another embodiment, A is a spacer group. Thus, L' and
the cell binding agent are indirectly connected.

L' and A may be connected by a bond selected from:

—C(=O)NH—, —C(=0)0O—, —NHC(=0)—, —0OC
(=0)—, —OC(—=0)0O—, —NHC(—0)0O—, —OC(=0)
NH—, and —NHC(—O)NH—.

Preferably, the linker contains an electrophilic functional
group for reaction with a nucleophilic functional group on the
modulator. Nucleophilic groups on antibodies include, but
are not limited to: (i) N-terminal amine groups, (ii) side chain
amine groups, e.g. lysine, (iii) side chain thiol groups, e.g.
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cysteine, and (iv) sugar hydroxyl or amino groups where the
antibody is glycosylated. Amine, thiol, and hydroxyl groups
are nucleophilic and capable of reacting to form covalent
bonds with electrophilic groups on linker moieties and linker
reagents including: (i) maleimide groups (ii) activated disul-
fides, (iii) active esters such as NHS (N-hydroxysuccinimide)
esters, HOBt (N-hydroxybenzotriazole) esters, haloformates,
and acid halides; (iv) alkyl and benzyl halides such as halo-
acetamides; and (v) aldehydes, ketones, carboxyl, and, some
of which are exemplified as follows:

CL
S S\S/\)(Lg/?f

s
[0}
O \)J\
CYY Y
H
[0}
O

Certain antibodies have reducible interchain disulfides, i.e.
cysteine bridges. Antibodies may be made reactive for con-
jugation with linker reagents by treatment with a reducing
agent such as DTT (dithiothreitol). Each cysteine bridge will
thus form, theoretically, two reactive thiol nucleophiles.
Additional nucleophilic groups can be introduced into anti-
bodies through the reaction of lysines with 2-iminothiolane
(Traut’s reagent) resulting in conversion of an amine into a
thiol. Reactive thiol groups may be introduced into the anti-
body (or fragment thereof) by introducing one, two, three,
four, or more cysteine residues (e.g., preparing mutant anti-
bodies comprising one or more non-native cysteine amino
acid residues). U.S. Pat. No. 7,521,541 teaches engineering
antibodies by introduction of reactive cysteine amino acids.

In some embodiments, a linker has a reactive nucleophilic
group which is reactive with an electrophilic group present on
an antibody. Useful electrophilic groups on an antibody
include, but are not limited to, aldehyde and ketone carbonyl
groups. The heteroatom of a nucleophilic group of a Linker
can react with an electrophilic group on an antibody and form
a covalent bond to an antibody unit. Useful nucleophilic
groups on a linker include, but are not limited to, hydrazide,
oxime, amino, hydroxyl, hydrazine, thiosemicarbazone,
hydrazine carboxylate, and arylhydrazide. The electrophilic
group on an antibody provides a convenient site for attach-
ment to a Linker.

In one embodiment, the group A is:

N/{A]n\*

O

where the asterisk indicates the point of attachment to L*,
the wavy line indicates the point of attachment to the cell
binding agent, and n is 0 to 6. In one embodiment, n is 5.
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In one embodiment, the group A is:

*
NW
(6]
6]

where the asterisk indicates the point of attachment to L',
the wavy line indicates the point of attachment to the cell
binding agent, and n is 0 to 6. In one embodiment, n is 5.

In one embodiment, the group A is:

R

where the asterisk indicates the point of attachment to L',
the wavy line indicates the point of attachment to the cell
binding agent, n is 0 or 1, and m is 0 to 30. In a preferred
embodiment, nis 1 and mis 0 to 10, 1 to 8, preferably 4 to 8,
and most preferably 4 or 8. In another embodiment, m is 10to
30, and preferably 20 to 30. Alternatively, m is 0 to 50. In this
embodiment, m is preferably 10-40 and nis 1.

In one embodiment, the group A is:

where the asterisk indicates the point of attachment to L',
the wavy line indicates the point of attachment to the cell
binding agent, n is 0 or 1, and m is 0 to 30. In a preferred
embodiment, nis 1 and mis 0 to 10, 1 to 8, preferably 4 to 8,
and most preferably 4 or 8. In another embodiment, m is 10to
30, and preferably 20 to 30. Alternatively, m is 0 to 50. In this
embodiment, m is preferably 10-40 and nis 1.

In one embodiment, the connection between the cell bind-
ing agent and A is through a thiol residue of the cell binding
agent and a maleimide group of A.

In one embodiment, the connection between the cell bind-
ing agent and A is:

where the asterisk indicates the point of attachment to the
remaining portion of A and the wavy line indicates the point
of attachment to the remaining portion of the cell binding
agent. In this embodiment, the S atom is typically derived
from the modulator.
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In each of the embodiments above, an alternative function-
ality may be used in place of the maleimide-derived group
shown below:

O

where the wavy line indicates the point of attachment to the
cell binding agent as before, and the asterisk indicates the
bond to the remaining portion of the A group.

In one embodiment, the maleimide-derived group is
replaced with the group:

where the wavy line indicates point of attachment to the
cell binding agent, and the asterisk indicates the bond to the
remaining portion of the A group.

In one embodiment, the maleimide-derived group is
replaced with a group, which optionally together with the cell
binding agent, is selected from:

—C(=0O)NH—, —C(—=0)0O—, —NHC(=0)—, —0C
(=0)—, —0OC(—=0)0—, —NHC(—0)0—, —OC(=0)
NH—, —NHC(—O)NH—, —NHC(—O)NH, —C(=—0)
NHC(=0)—, —S—, —S—S—, —CH,C(=0)—,
—C(—0)CH,—, —N—NH— and —NH—N—.

In one embodiment, the maleimide-derived group is
replaced with a group, which optionally together with the cell
binding agent, is selected from:

IJ‘H{I\:' * M{I\I'J
N/ j/ N/ j\
N N

N N *

where the wavy line indicates either the point of attachment
to the cell binding agent or the bond to the remaining portion
of'the A group, and the asterisk indicates the other of the point
of attachment to the cell binding agent or the bond to the
remaining portion of the A group.

Other groups suitable for connecting L' to the selected
modulator are described in WO 2005/082023.

In another preferred embodiment the modulators of the
instant invention may be associated with biocompatible poly-
mers comprising drug linker units. In this respect one such
type of compatible polymer comprises Fleximer® polymers
(Mersana Therapeutics). Such polymers are reportedly bio-
degradable, well tolerated and have been clinically validated.
Moreover, such polymers are compatible with a number of
customizable linker technologies and chemistries allowing
for control of pharmacokinetics, localization of drug release
and improved biodistribution.

The selected modulators can also be directly conjugated
radioisotopes or may comprise macrocyclic chelators useful
for conjugating radiometal ions (as described herein). In cer-
tain embodiments, the macrocyclic chelator is 1,4,7,10-tet-
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raazacyclododecane-N,N',N",N"-tetraacetic acid (DOTA)
which can be attached to the antibody via a linker molecule.
Such linker molecules are commonly known in the art and
described in Denardo et al., 1998, Clin Cancer Res. 4:2483;
Peterson etal., 1999, Bioconjug. Chem. 10:553; and Zimmer-
man et al., 1999, Nucl. Med. Biol. 26:943.

More generally, techniques for conjugating therapeutic
moieties or cytotoxic agents to modulators are well known.
As discussed above moieties can be conjugated to modulators
by any art-recognized method, including, but not limited to
aldehyde/Schiff linkage, sulphydryl linkage, acid-labile link-
age, cis-aconityl linkage, hydrazone linkage, enzymatically
degradable linkage (see generally Garnett, 2002, Adv Drug
DelivRev 53:171). Also see, e.g., Ameon et al., “Monoclonal
Antibodies For Immunotargeting Of Drugs In Cancer
Therapy”, in Monoclonal Antibodies And Cancer Therapy,
Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985);
Hellstrom et al., “Antibodies For Drug Delivery”, in Con-
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp.
623-53 (Marcel Dekker, Inc. 1987); Thorpe, “Antibody Car-
riers Of Cytotoxic Agents In Cancer Therapy: A Review”, in
Monoclonal Antibodies *84: Biological And Clinical Appli-
cations, Pinchera et al. (eds.), pp. 475-506 (1985); “Analysis,
Results, And Future Prospective Of The Therapeutic Use Of
Radiolabeled Antibody In Cancer Therapy”, in Monoclonal
Antibodies For Cancer Detection And Therapy, Baldwin etal.
(eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al.,
1982, Immunol. Rev. 62:119. In preferred embodiments a
DLL3 modulator that is conjugated to a therapeutic moiety or
cytotoxic agent may be internalized by a cell upon binding to
a DLL3 molecule associated with the cell surface thereby
delivering the therapeutic payload.

C. Biocompatible Modifiers

In selected embodiments the modulators of the invention
may be conjugated or otherwise associated with biocompat-
ible modifiers that may be used to adjust, alter, improve or
moderate modulator characteristics as desired. For example,
antibodies or fusion constructs with increased in vivo half-
lives can be generated by attaching relatively high molecular
weight polymer molecules such as commercially available
polyethylene glycol (PEG) or similar biocompatible poly-
mers. Those skilled in the art will appreciate that PEG may be
obtained in many different molecular weight and molecular
configurations that can be selected to impart specific proper-
ties to the antibody (e.g. the half-life may be tailored). PEG
can be attached to modulators or antibody fragments or
derivatives with or without a multifunctional linker either
through site-specific conjugation of the PEG to the N- or
C-terminus of said antibodies or antibody fragments or via
epsilon-amino groups present on lysine residues. Linear or
branched polymer derivatization that results in minimal loss
of'biological activity may be used. The degree of conjugation
can be closely monitored by SDS-PAGE and mass spectrom-
etry to ensure optimal conjugation of PEG molecules to anti-
body molecules. Unreacted PEG can be separated from anti-
body-PEG conjugates by, e.g., size exclusion or ion-exchange
chromatography. In a similar manner, the disclosed modula-
tors can be conjugated to albumin in order to make the anti-
body or antibody fragment more stable in vivo or have a
longer half life in vivo. The techniques are well known in the
art, see e.g., International Publication Nos. WO 93/15199,
WO 93/15200, and WO 01/77137; and European Patent No.
0 413,622. Other biocompatible conjugates are evident to
those of ordinary skill and may readily be identified in accor-
dance with the teachings herein.
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D. Diagnostic or Detection Agents

In other preferred embodiments, modulators of the present
invention, or fragments or derivatives thereof, are conjugated
to a diagnostic or detectable agent, marker or reporter which
may be, for example, a biological molecule (e.g., a peptide or
nucleotide), a small molecule, fluorophore, or radioisotope.
Labeled modulators can be useful for monitoring the devel-
opment or progression of a hyperproliferative disorder or as
part ofa clinical testing procedure to determine the efficacy of
a particular therapy including the disclosed modulators (i.e.
theragnostics) or to determine a future course of treatment.
Such markers or reporters may also be useful in purifying the
selected modulator, modulator analytics (e.g., epitope bind-
ing or antibody binning), separating or isolating TIC or in
preclinical procedures or toxicology studies.

Such diagnosis analysis and/or detection can be accom-
plished by coupling the modulator to detectable substances
including, but not limited to, various enzymes comprising for
example horseradish peroxidase, alkaline phosphatase, beta-
galactosidase, or acetylcholinesterase; prosthetic groups,
such as but not limited to streptavidinlbiotin and avidin/bi-
otin; fluorescent materials, such as but not limited to, umbel-
liferone, fluorescein, fluorescein isothiocynate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phy-
coerythrin; luminescent materials, such as but not limited to,
luminol; bioluminescent materials, such as but not limited to,
luciferase, luciferin, and aequorin; radioactive materials,
such as but not limited to iodine (**'1, 1*°I, 1), carbon (**C),
sulfur (*°S), trititum (H), indium (***In, '**In, '*?In, **'In),
and technetium (*°Tc), thallium (*°'Ti), gallium (°*Ga,
%’Ga), palladium (*°°Pd), molybdenum (**Mo), xenon
(133Xe), fluorine (18F)’ 1sssm, 177Lu, 159Gd, 149Pm, 140La,
175Yb, 166H0, QOY, 47SC, 186Re, ISSRe, 142Pr, 105Rh, 97Ru,
68Ge, 57C0, 657, SSSr, 32P, 153Gd, 169Y-b’ SICr, 54Mn, 7586,
138n, and ''"Tin; positron emitting metals using various
positron emission tomographies, noradioactive paramagnetic
metal ions, and molecules that are radiolabeled or conjugated
to specific radioisotopes. In such embodiments appropriate
detection methodology is well known in the art and readily
available from numerous commercial sources.

As indicated above, in other embodiments the modulators
or fragments thereof can be fused or conjugated to marker
sequences or compounds, such as a peptide or fluorophore to
facilitate purification or diagnostic or analytic procedures
such as immunohistochemistry, bio-layer interferometry, sur-
face plasmon resonance, flow cytometry, competitive ELISA,
FACs, etc. In preferred embodiments, the marker comprises a
his-tag such as that provided by the pQE vector (Qiagen),
among others, many of which are commercially available.
Other peptide tags useful for purification include, but are not
limited to, the hemagglutinin “HA” tag, which corresponds to
an epitope derived from the influenza hemagglutinin protein
(Wilson et al., 1984, Cell 37:767) and the “flag” tag (U.S. Pat.
No. 4,703,004).

E. Therapeutic Moieties

As previously alluded to the modulators or fragments or
derivatives thereof may also be conjugated, linked or fused to
or otherwise associated with a“therapeutic moiety” or “drug”
such as an anti-proliferative or anti-cancer agent including,
but not limited to, cytotoxic agents, cytostatic agents, anti-
angiogenic agents, debulking agents, chemotherapeutic
agents, radiotherapy and radiotherapeutic agents, targeted
anti-cancer agents, BRMs, therapeutic antibodies, cancer
vaccines, cytokines, hormone therapies, radiation therapy
and anti-metastatic agents and immunotherapeutic agents.

Preferred exemplary anti-cancer agents include cytochala-
sin B, gramicidin D, ethidium bromide, emetine, mitomycin,
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etoposide, tenoposide, vincristine, vinblastine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin, maytansi-
noids such as DM-1 and DM-4 (Immunogen, Inc.), dione,
mitoxantrone, mithramycin, actinomycin D, 1-dehydrotest-
osterone, glucocorticoids, procaine, tetracaine, lidocaine,
propranolol, puromycin, epirubicin, and cyclophosphamide
and analogs or homologs thereof. Additional compatible
cytotoxins comprise dolastatins and auristatins, including
monomethyl auristatin E (MMAE) and monomethyl aurista-
tin F (MMAF) (Seattle Genetics, Inc.), amanitins such as
alpha-amanitin, beta-amanitin, gamma-amanitin or epsilon-
amanitin (Heidelberg Pharma AG), DNA minor groove bind-
ing agents such as duocarmycin derivatives (Syntarga, B.V.)
and modified pyrrolobenzodiazepine dimers (Spirogen,
Ltd.), splicing inhibitors such as meayamycin analogs or
derivatives (e.g., FR901464 as set forth in U.S. Pat. No.
7,825,267), tubular binding agents such as epothilone analogs
and paclitaxel and DNA damaging agents such as calicheam-
icins and esperamicins. Furthermore, in certain embodiments
the DLL3 modulators of the instant invention may be associ-
ated with anti-CD3 binding molecules to recruit cytotoxic
T-cells and have them target the tumor initiating cells (BiTE
technology; see e.g., Fuhrmann, S. et. al. Annual Meeting of
AACR Abstract No. 5625 (2010) which is incorporated
herein by reference).

Still additional compatible anti-cancer agents include, but
are not limited to, antimetabolites (e.g., methotrexate, 6-mer-
captopurine, 6-thioguanine, cytarabine, S-fluorouracil decar-
bazine), alkylating agents (e.g., mechlorethamine, thioepa,
chlorambucil, melphalan, carmustine (BCNU) and lomustine
(CCNU), busulfan, dibromomannitol, streptozotocin, and
cisdichlorodiamine platinum (II) (DDP) cisplatin), anthracy-
clines (e.g., daunorubicin (formerly daunomycin) and doxo-
rubicin), antibiotics (e.g., dactinomycin (formerly actinomy-
cin), bleomycin, and anthramycin (AMC)), and anti-mitotic
agents (e.g., vincristine and vinblastine). A more extensive
list of therapeutic moieties can be found in PCT publication
WO 03/075957 and U.S.P.N. 2009/0155255 each of which is
incorporated herein by reference.

As indicated above selected embodiments of the instant
invention are directed to conjugated DLL3 modulators such
as anti-DLL3 antibody drug conjugates that comprise pyr-
rolobenzodiazepine (PBD) as a cytotoxic agent. It will be
appreciated that PBDs are alkylating agents that exert antitu-
mor activity by covalently binding to DNA in the minor
groove and inhibiting nucleic acid synthesis. In this respect
PBDs have been shown to have potent antitumor properties
while exhibiting minimal bone marrow depression. PBDs
compatible with the present invention may be linked to the
DLL3 modulator using any one of several types of linker
(e.g., a peptidyl linker comprising a maleimido moiety with a
free sulthydryl) and, in certain embodiments are dimeric in
form (i.e., PBD dimers). Compatible PBDs (and optional
linkers) that may be conjugated to the disclosed modulators
are described, for example, in U.S. Pat. Nos. 6,362,331,
7,049,311, 7,189,710, 7,429,658, 7,407,951, 7,741,319,
7,557,099, 8,034,808, 8,163,736 U.S.P.N. 2011/0256157 and
PCT filings WO2011/130613, WO2011/128650 and
WO02011/130616 each of which is incorporated herein by
reference. Accordingly, in particularly preferred embodi-
ments the modulator will comprise an anti DLL3 antibody
conjugated or associated with one or more PBD dimers (i.e.,
a DLL3-PBD ADC).

In particularly preferred embodiments compatible PBDs
that may be conjugated to the disclosed modulators are
described, in U.S.P.N. 2011/0256157. In this disclosure, PBD
dimers, i.e. those comprising two PBD moieties may be pre-
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ferred. Thus, preferred conjugates of the present invention are
those having the formulae (AB) or (AC):

AB

wherein:

the dotted lines indicate the optional presence of a double
bond between C1 and C2 or C2 and C3;

R? is independently selected from H, OH, =0, —CH,,
CN, R, OR, =CH—RP”, —(R?),, 0—S0,—R, CO,R and
COR, and optionally further selected from halo or dihalo;

where R” is independently selected from R, CO,R, COR,
CHO, CO,H, and halo;

R® and R? are independently selected from H, R, OH, OR,
SH, SR, NH,, NHR, NRR', NO,, Me;Sn and halo;

R7 is independently selected from H, R, OH, OR, SH, SR,
NH,, NHR, NRR', NO,, Me;Sn and halo;

R'° is a linker connected to a modulator or fragment or
derivative thereof, as described above;

Q is independently selected from O, S and NH;

R!! is either H, or R or, where Q is O, SO, M, where M is a
metal cation;

R and R' are each independently selected from optionally
substituted C,_,, alkyl, C;_,, heterocyclyl and C,_,, aryl
groups, and optionally in relation to the group NRR', R and R’
together with the nitrogen atom to which they are attached
form an optionally substituted 4-, 5-, 6- or 7-membered het-
erocyclic ring; and

wherein R?", R%, R”", R®", X", Q" and R*''" and are as
defined according to R?, R®, R7, R®, X, Q and R*" respec-
tively, and R is a capping group.

Double Bond

In one embodiment, there is no double bond present
between C1 and C2, and C2 and C3.

In one embodiment, the dotted lines indicate the optional
presence of a double bond between C2 and C3, as shown
below:

N

R
0

In one embodiment, a double bond is present between C2
and C3 when R?is C,_,, aryl or C, _, , alkyl.
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In one embodiment, the dotted lines indicate the optional
presence of a double bond between C1 and C2, as shown
below:

R2.
0

In one embodiment, a double bond is present between C1
and C2 when R? is C5_,, aryl or C,_, , alkyl.
R2

In one embodiment, R? is independently selected from H,
OH, =0, =CH,, CN, R, OR, =CH—R”, —=C(RP),,
0—S0,—R, CO,R and COR, and optionally further selected
from halo or dihalo.

In one embodiment, R? is independently selected from H,
OH, —0, —CH,, CN, R, OR, —CH—R”, C(R"),,
0—S0,—R, CO,R and COR.

In one embodiment, R? is independently selected from H,
:O, :CHz, R, :CH—RD, and :C(RD)z.

In one embodiment, R is independently H.

In one embodiment, R? is independently —O.

In one embodiment, R? is independently —CH,.

In one embodiment, R* is independently —CH—R?”.
Within the PBD compound, the group —CH—R” may have
either configuration shown below:

@
)it
N e RP
0 H
I
)3t
N P!
0 RD

In one embodiment, the configuration is configuration (I).

In one embodiment, R? is independently —C(R?),.

In one embodiment, R? is independently =—CF..

In one embodiment, R? is independently R.

In one embodiment, R? is independently optionally substi-
tuted Cs_,, aryl.

In one embodiment, R? is independently optionally substi-
tuted C,_,, alkyl.

In one embodiment, R? is independently optionally substi-
tuted C_,, aryl.

In one embodiment, R? is independently optionally substi-
tuted C,_; aryl.

In one embodiment, R? is independently optionally substi-
tuted Cgq_, aryl.

In one embodiment, R? is independently optionally substi-
tuted phenyl.
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In one embodiment, R is independently optionally substi-
tuted napthyl.

In one embodiment, R? is independently optionally substi-
tuted pyridyl.

In one embodiment, R? is independently optionally substi-
tuted quinolinyl or isoquinolinyl.

In one embodiment, R? bears one to three substituent
groups, with 1 and 2 being more preferred, and singly substi-
tuted groups being most preferred. The substituents may be
any position.

Where R? is a C_, aryl group, a single substituent is pref-
erably on a ring atom that is not adjacent the bond to the
remainder of the compound, i.e. it is preferably {3 or v to the
bond to the remainder of the compound. Therefore, where the
Cs_, aryl group is phenyl, the substituent is preferably in the
meta- or para-positions, and more preferably is in the para-
position.

In one embodiment, R is selected from:

: o : :o

where the asterisk indicates the point of attachment.

Where R? is a Cy_, aryl group, for example quinolinyl or
isoquinolinyl, it may bear any number of substituents at any
position of the quinoline or isoquinoline rings. In some
embodiments, it bears one, two or three substituents, and
these may be on either the proximal and distal rings or both (if
more than one substituent).

In one embodiment, where R? is optionally substituted, the
substituents are selected from those substituents given in the
substituent section below.

Where R is optionally substituted, the substituents are pref-
erably selected from:

Halo, Hydroxyl, Ether, Formyl, Acyl, Carboxy, Ester, Acy-
loxy, Amino, Amido, Acylamido, Aminocarbonyloxy, Ure-
ido, Nitro, Cyano and Thioether.

In one embodiment, where R or R? is optionally substi-
tuted, the substituents are selected from the group consisting
of R, OR, SR, NRR', NO,, halo, CO,R, COR, CONH,,
CONHR, and CONRR'.

Where R? is C,_, , alkyl, the optional substituent may addi-
tionally include C;_,, heterocyclyl and C_,, aryl groups.

Where R? is C,_,, heterocyclyl, the optional substituent
may additionally include C, _,, alkyl and C4_,, aryl groups.

Where R? is Cs_,,, aryl groups, the optional substituent may
additionally include C,_,, heterocyclyl and C, ;, alkyl
groups.

It is understood that the term “alkyl” encompasses the
sub-classes alkenyl and alkynyl as well as cycloalkyl. Thus,
where R? is optionally substituted C,_, , alkyl, it is understood
that the alkyl group optionally contains one or more carbon-
carbon double or triple bonds, which may form part of a
conjugated system. In one embodiment, the optionally sub-
stituted C, _, , alkyl group contains at least one carbon-carbon
double or triple bond, and this bond is conjugated with a
double bond present between C1 and C2, or C2 and C3. In one
embodiment, the C,_,, alkyl group is a group selected from
saturated C,_,, alkyl, C,_,, alkenyl, C,_,, alkynyl and C5_,,
cycloalkyl.

If a substituent on R? is halo, it is preferably F or C1, more
preferably Cl.
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If a substituent on R? is ether, it may in some embodiments
be an alkoxy group, for example, a C,_, alkoxy group (e.g.
methoxy, ethoxy) or it may in some embodiments be a Cs_,
aryloxy group (e.g. phenoxy, pyridyloxy, furanyloxy).

If a substituent on R? is C, _, alkyl, it may preferably be a
C,_, alkyl group (e.g. methyl, ethyl, propyl, butyl).

If a substituent on R is C,_, heterocyclyl, it may in some
embodiments be C nitrogen containing heterocyclyl group,
e.g. morpholino, thiomorpholino, piperidinyl, piperazinyl.
These groups may be bound to the rest of the PBD moiety via
the nitrogen atom. These groups may be further substituted,
for example, by C, _, alkyl groups.

If a substituent on R? is bis-oxy-C, ; alkylene, this is pref-
erably bis-oxy-methylene or bis-oxy-ethylene.

Particularly preferred substituents for R include methoxy,
ethoxy, fluoro, chloro, cyano, bis-oxy-methylene, methyl-
piperazinyl, morpholino and methyl-thienyl.

Particularly preferred substituted R* groups include, but
are not limited to, 4-methoxyphenyl, 3-methoxyphenyl,
4-ethoxy-phenyl, 3-ethoxy-phenyl, 4-fluoro-phenyl,
4-chloro-phenyl, 3,4-bisoxymethylene-phenyl, 4-methylth-
ienyl, 4-cyanophenyl, 4-phenoxyphenyl, quinolin-3-yl and
quinolin-6-yl, isoquinolin-3-yl and isoquinolin-6-yl, 2-thie-
nyl, 2-furanyl, methoxynaphthyl, and naphthyl.

In one embodiment, R? is halo or dihalo. In one embodi-
ment, R? is —F or —F,, which substituents are illustrated
below as (II1) and (IV) respectively:

(1)

av)

RD

In one embodiment, R” is independently selected from R,
CO,R, COR, CHO, CO,H, and halo.

In one embodiment, R” is independently R.

In one embodiment, R” is independently halo.
R6

In one embodiment, RS is independently selected from H,
R, OH, OR, SH, SR, NH,, NHR, NRR', NO,, Me,;Sn— and
Halo.

In one embodiment, RS is independently selected from H,
OH, OR, SH, NH,, NO, and Halo.

In one embodiment, RS is independently selected from H
and Halo.

In one embodiment, RS is independently H.

In one embodiment, R® and R” together form a group
TO—(CHz)p—O—, where p is 1 or 2.
R

R’ is independently selected from H, R, OH, OR, SH, SR,
NH,, NHR, NRR', NO,, Me;Sn and halo.

In one embodiment, R” is independently OR.

10

15

20

25

30

35

40

45

50

55

60

65

70

In one embodiment, R” is independently OR™, where R
is independently optionally substituted C,_g alkyl.

In one embodiment, R’ is independently optionally sub-
stituted saturated C, ¢ alkyl.

In one embodiment, R™ is independently optionally sub-
stituted C,_, alkenyl.

In one embodiment, R7 is independently Me.

In one embodiment, R7 is independently CH,Ph.

In one embodiment, R7 is independently allyl.

In one embodiment, the compound is a dimer where the R”
groups of each monomer form together a dimer bridge having
the formula X—R"—X linking the monomers.

RS

In one embodiment, the compound is a dimer where the R®
groups of each monomer form together a dimer bridge having
the formula X—R"—X linking the monomers.

In one embodiment, R® is independently OR®*4, where R®*
is independently optionally substituted C, _, alkyl.

In one embodiment, R®¢ is independently optionally sub-
stituted saturated C, 4 alkyl or optionally substituted C,_,
alkenyl.

In one embodiment, R** is independently Me.

In one embodiment, R®** is independently CH,Ph.

In one embodiment, R** is independently allyl.

In one embodiment, R® and R’ together form a group
—O0—(CH,),—0O—, where pis 1 or 2.

In one embodiment, R® and R® together form a group
:O—(CHz)p—O—, where p is 1 or 2.

R

In one embodiment, R® is independently selected from H,
R, OH, OR, SH, SR, NH,, NHR, NRR', NO,, Me;Sn— and
Halo.

In one embodiment, R is independently H.

In one embodiment, R® is independently R or OR.

Rand R’

In one embodiment, R is independently selected from
optionally substituted C, ;, alkyl, C;_,, heterocyclyl and
Cs_ 50 aryl groups. These groups are each defined in the sub-
stituents section below.

In one embodiment, R is independently optionally substi-
tuted C,_,, alkyl.

In one embodiment, R is independently optionally substi-
tuted C;_,, heterocyclyl.

In one embodiment, R is independently optionally substi-
tuted Cs_,, aryl.

In one embodiment, R is independently optionally substi-
tuted C,_,, alkyl.

Described above in relation to R are various embodiments
relating to preferred alkyl and aryl groups and the identity and
number of optional substituents. The preferences set out for
R? as it applies to R are applicable, where appropriate, to all
other groups R, for examples where RS, R7, R® or R? is R.

The preferences for R apply also to R'.

In some embodiments of the invention there is provided a
compound having a substituent group —NRR'. In one
embodiment, R and R'together with the nitrogen atom to
which they are attached form an optionally substituted 4-, 5-,
6- or 7-membered heterocyclic ring. The ring may contain a
further heteroatom, for example N, O or S.

In one embodiment, the heterocyclic ring is itself substi-
tuted with a group R. Where a further N heteroatom is present,
the substituent may be on the N heteroatom.

Rll

R" is a C,_, alkylene group, which chain may be inter-
rupted by one or more heteroatoms, e.g. O, S, N(H), NMe
and/or aromatic rings, e.g. benzene or pyridine, which rings
are optionally substituted.
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In one embodiment, R" is a C;_;, alkylene group, which
chain may be interrupted by one or more heteroatoms and/or
aromatic rings, e.g. benzene or pyridine.

In one embodiment, the alkylene group is optionally inter-
rupted by one or more heteroatoms selected from O, S, and
NMe and/or aromatic rings, which rings are optionally sub-
stituted.

In one embodiment, the aromatic ring is a Cs_,, arylene
group, where arylene pertains to a divalent moiety obtained
by removing two hydrogen atoms from two aromatic ring
atoms of an aromatic compound, which moiety has from 5 to
20 ring atoms.

In one embodiment, R" is a C;_;, alkylene group, which
chain may be interrupted by one or more heteroatoms, e.g. O,
S, N(H), NMe and/or aromatic rings, e.g. benzene or pyridine,
which rings are optionally substituted by NH,.

In one embodiment, R" is a C;_,, alkylene group.

In one embodiment, R" is selected from a C;, Cs, C,, C,
and a C,, alkylene group.

In one embodiment, R" is selected from a C;, Csand a C,
alkylene group.

In one embodiment, R" is selected from a C; and a Cq
alkylene group.

In one embodiment, R" is a C; alkylene group.

In one embodiment, R" is a C, alkylene group.

The alkylene groups listed above may be optionally inter-
rupted by one or more heteroatoms and/or aromatic rings, e.g.
benzene or pyridine, which rings are optionally substituted.

The alkylene groups listed above may be optionally inter-
rupted by one or more heteroatoms and/or aromatic rings, e.g.
benzene or pyridine.

The alkylene groups listed above may be unsubstituted
linear aliphatic alkylene groups.

X

In one embodiment, X is selected from O, S, or N(H).
Preferably, X is O.

RlO

Preferably compatible linkers such as those described
above attach a DLL3 modulator (CBA/Ab/M), to a PBD drug
moiety D through covalent bond(s) at the R'® position (i.e.,
N10). The linker is a bifunctional or multifunctional moiety
which can be used to link one or more drug moiety (D) and a
modulator (preferably an antibody) to form antibody-drug
conjugates (ADC). The linker (L) may be stable outside a cell,
i.e. extracellular, or it may be cleavable by enzymatic activity,
hydrolysis, or other metabolic conditions. Antibody-drug
conjugates (ADC) can be conveniently prepared using a
linker having reactive functionality for binding to the drug
moiety and to the antibody. A cysteine thiol, or an amine, e.g.
N-terminus or amino acid side chain such as lysine, of the
antibody (Ab) can form a bond with a functional group of a
linker or spacer reagent, PBD drug moiety (D) or drug-linker
reagent (D-L).

Many functional groups on the linker attached to the N10
position of the PBD moiety may be useful to react with the
cell binding agent. For example, ester, thioester, amide, thioa-
mide, carbamate, thiocarbamate, urea, thiourea, ether, thioet-
her, or disulfide linkages may be formed from reaction of the
linker-PBD drug intermediates and the cell binding agent.

In another embodiment, the linker may be substituted with
groups that modulate aggregation, solubility or reactivity. For
example, a sulfonate substituent may increase water solubil-
ity of the reagent and facilitate the coupling reaction of the
linker reagent with the antibody or the drug moiety, or facili-
tate the coupling reaction of Ab-L with D, or D-L with Ab,
depending on the synthetic route employed to prepare the
ADC.
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In one preferred embodiment, R'° is a group:

where the asterisk indicates the point of attachment to the
N10 position, CBA is a cell binding agent/modulator, L' is a
linker, A is a connecting group connecting L' to the cell
binding agent, L* is a covalent bond or together with —OC
(=0)— forms a self-immolative linker, and L' or L? is a
cleavable linker.

L' is preferably the cleavable linker, and may be referred to
as a trigger for activation of the linker for cleavage.

As discussed in the linker section above the nature of !
and L?, where present, can vary widely. These groups are
chosen on the basis of their cleavage characteristics, which
may be dictated by the conditions at the site to which the
conjugate is delivered. Those linkers that are cleaved by the
action of enzymes are preferred, although linkers that are
cleavable by changes in pH (e.g. acid or base labile), tem-
perature or upon irradiation (e.g. photolabile) may also be
used. Linkers that are cleavable under reducing or oxidizing
conditions may also find use in the present invention.

L' may comprise a contiguous sequence of amino acids.
The amino acid sequence may be the target substrate for
enzymatic cleavage, thereby allowing release of R'© from the
N10 position.

In one embodiment, L' is cleavable by the action of an
enzyme. In one embodiment, the enzyme is an esterase or a
peptidase.

In one embodiment, L? is present and together with
—C(—=0)O— forms a self-immolative linker. In one
embodiment, L? is a substrate for enzymatic activity, thereby
allowing release of R'° from the N10 position.

In one embodiment, where L' is cleavable by the action of
an enzyme and L? is present, the enzyme cleaves the bond
between L' and %,

With regard to attaching the chosen linker to a selected
PBD the group R is removable from the N10 position of
certain PBD moieties to leave an N10-C11 imine bond, a
carbinolamine, a substituted carbinolamine, where QR*! is
0OSO;M, abisulfite adduct, a thiocarbinolamine, a substituted
thiocarbinolamine, or a substituted carbinalamine.

In one embodiment, R, may be a protecting group that is
removable to leave an N10-C11 imine bond, a carbinolamine,
a substituted cabinolamine, or, where QR is OSO,M, a
bisulfite adduct. In one embodiment, R is a protecting group
that is removable to leave an N10-C11 imine bond.

The group R€ is intended to be removable under the same
conditions as those required for the removal of the group R*°,
for example to yield an N10-C11 imine bond, a carbinola-
mine and so on. The capping group acts as a protecting group
for the intended functionality at the N10 position. The cap-
ping group is intended not to be reactive towards a cell bind-
ing agent. For example, R is not the same as R”.

Compounds having a capping group may be used as inter-
mediates in the synthesis of dimers having an imine mono-
mer. Alternatively, compounds having a capping group may
be used as conjugates, where the capping group is removed at
the target location to yield an imine, a carbinolamine, a sub-
stituted cabinolamine and so on. Thus, in this embodiment,
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the capping group may be referred to as a therapeutically
removable nitrogen protecting group, as defined in WO
00/12507.

In one embodiment, the group R is removable under the
conditions that cleave the linker R” of the group R'°. Thus, in
one embodiment, the capping group is cleavable by the action
of'an enzyme.

In an alternative embodiment, the capping group is remov-
able prior to the connection of the linker R” to the modulator.
In this embodiment, the capping group is removable under
conditions that do not cleave the linker R”.

Where a compound includes a functional group G* to form
a connection to the cell binding agent, the capping group is
removable prior to the addition or unmasking of G*.

The capping group may be used as part of a protecting
group strategy to ensure that only one of the monomer units in
a dimer is connected to a cell binding agent.

The capping group may be used as a mask for a N10-C11
imine bond. The capping group may be removed at such time
as the imine functionality is required in the compound. The
capping group is also a mask for a carbinolamine, a substi-
tuted cabinolamine, and a bisulfite adduct, as described
above.

In one embodiment, R is a carbamate protecting group.

In one embodiment, the carbamate protecting group is
selected from:

Alloc, Fmoc, Boc, Troc, Teoc, Psec, Cbz and PNZ.

Optionally, the carbamate protecting group is further
selected from Moc.

In one embodiment, R€ is a linker group R lacking the
functional group for connection to the cell binding agent.

This application is particularly concerned with those R
groups which are carbamates.

In one embodiment, R is a group:

where the asterisk indicates the point of attachment to the
N10 position, G* is a terminating group, L is a covalent bond
or acleavable linker L', L. is a covalent bond or together with
OC(=0) forms a self-immolative linker.

Where L and L? are both covalent bonds, G* and OC(=—0)
together form a carbamate protecting group as defined above.

L' is as defined above in relation to R'.

L? is as defined above in relation to R'°.

Various terminating groups are described below, including
those based on well known protecting groups.

In one embodiment L? is a cleavable linker L', and L2,
together with OC(—0), forms a self-immolative linker. In
this embodiment, G* is Ac (acetyl) or Moc, or a carbamate
protecting group selected from: Alloc, Fmoc, Boc, Troc,
Teoc, Psec, Cbz and PNZ. Optionally, the carbamate protect-
ing group is further selected from Moc.

In another embodiment, G* is an acyl group —C(=0)G",
where G is selected from alkyl (including cycloalkyl, alkenyl
and alkynyl), heteroalkyl, heterocyclyl and aryl (including
heteroaryl and carboaryl). These groups may be optionally
substituted. The acyl group together with an amino group of
L? or L? where appropriate, may form an amide bond. The
acyl group together with a hydroxy group of L* or L?, where
appropriate, may form an ester bond.

In one embodiment, G is heteroalkyl. The heteroalkyl
group may comprise polyethylene glycol. The heteroalkyl
group may have a heteroatom, such as O or N, adjacent to the
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acyl group, thereby forming a carbamate or carbonate group,
where appropriate, with a heteroatom present in the group L?
or L2, where appropriate.

In one embodiment, G is selected from NH,, NHR and
NRR'. Preferably, G* is NRR".

In one embodiment G* is the group:

Gt /HN

*

where the asterisk indicates the point of attachment to L?,
nis 0 to 6 and G* is selected from OH, OR, SH, SR, COOR,
CONH,, CONHR, CONRR', NH,, NHR, NRR', NO,, and
halo. The groups OH, SH, NH, and NHR are protected. Inone
embodiment, nis 1 to 6, and preferably n is 5. In one embodi-
ment, G* is OR, SR, COOR, CONH,, CONHR, CONRR',
and NRR'. In one embodiment, G* is OR, SR, and NRR".
Preferably G* is selected from OR and NRR', most preferably
G* is OR. Most preferably G* is OMe.

In one embodiment, the group G* is:

*
@MN’(

e}

where the asterisk indicates the point of attachment to L?,
and n and G* are as defined above.
In one embodiment, the group G? is:

0
o
G* N N
H n

where the asterisk indicates the point of attachment to L,
nis0or 1, mis 0 to 50, and G*is selected from OH, OR, SH,
SR, COOR, CONH,, CONHR, CONRR', NH,, NHR, NRR',
NO,, and halo. In a preferred embodiment, nis 1 and mis O to
10, 1 to 2, preferably 4 to 8, and most preferably 4 or 8. In
another embodiment, nis 1 and m is 10 to 50, preferably 20 to
40. The groups OH, SH, NH, and NHR are protected. In one
embodiment, G* is OR, SR, COOR, CONH,, CONHR,
CONRR', and NRR'. In one embodiment, G* is OR, SR, and
NRR'. Preferably G* is selected from OR and NRR', most
preferably G* is OR. Preferably G* is OMe.

In one embodiment, the group G* is:

0
O *
m
G* N
H ; 0

where the asterisk indicates the point of attachment to L,
and n, m and G* are as defined above.
In one embodiment, the group G* is:

/{'\/O*\/{’\lm\
G *
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where n is 1-20, m is 0-6, and G* is selected from OH, OR,
SH, SR, COOR, CONH,, CONHR, CONRR', NH,, NHR,
NRR', NO,, and halo. In one embodiment, n is 1-10. In
another embodiment, n is 10 to 50, preferably 20 to 40. In one
embodiment, n is 1. In one embodiment, m is 1. The groups 3
OH, SH, NH, and NHR are protected. In one embodiment, G*
is OR, SR, COOR, CONH,, CONHR, CONRR', and NRR".
In one embodiment, G* is OR, SR, and NRR'. Preferably G*
is selected from OR and NRR', most preferably G* is OR.
Preferably G* is OMe. 10

In one embodiment, the group G* is:

/{»\/O \ )
G4 n

e}

15

where the asterisk indicates the point of attachment to 1.3, 2°

and n, m and G* are as defined above.

45

76

In each of the embodiments above G* may be OH, SH, NH,
and NHR. These groups are preferably protected.

In one embodiment, OH is protected with Bzl, TBDMS, or
TBDPS.

In one embodiment, SH is protected with Acm, Bzl, Bzl-
OMe, Bzl-Me, or Trt.

In one embodiment, NH, or NHR are protected with Boc,
Moc, Z—Cl, Fmoc, Z, or Alloc.

In one embodiment, the group G2 is present in combination
with a group L, which group is a dipeptide.

The capping group is not intended for connection to the
modulator. Thus, the other monomer present in the dimer
serves as the point of connection to the modulator via a linker.
Accordingly, it is preferred that the functionality present in
the capping group is not available for reaction with a modu-
lator. Thus, reactive functional groups such as OH, SH, NH,,,
COOH are preferably avoided. However, such functionality
may be present in the capping group if protected, as described
above.

Thus, in accordance with the teachings herein one embodi-
ment of the invention comprises a conjugate comprising a
compound:

1!

HN

wherein CBA is a cell binding agent/modulator, and n is 0
or 1. L' is as previously defined, and RZ and R*" are each
independently selected from H or R”.

In another embodiment, the conjugate comprises a com-
pound:
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wherein CBA is a cell binding agent/modulator, L' is as
previously defined, Ar' and Ar* are each independently
optionally substituted Cs_,, aryl, andnis O or 1.

Those of skill in the art will appreciate that other symmetric
and asymmetric PBD dimers and linkers are compatible with
the instant invention and could be selected without undue
experimentation based on the teachings herein and the prior
art.

Another aspect of the invention includes ADCs comprising
radioisotopes. Exemplary radioisotopes that may be compat-
ible with such embodiments include, but are not limited to,
iodine (**'1, 1#°1, 121, *2'T), carbon (**C), copper (**Cu,
64Cu, ¥Cu), sulfur (**S), tritium (H), indium (***In, ***In,
H2[p, 11 n), bismuth (**2Bi, 2**Bi), technetium (°°Tc), thal-
lium (*°'Ti), gallium (**Ga, 9’ Ga), palladium (*°*Pd), molyb-
denum (°*Mo), xenon (***Xe), fluorine (**F), 1**Sm, '""Lu,
159G, 149Pm, 140 a, 175Yh, L9Ho, °°Y, +’Sc, 1%6Re, 13*Re,
142Pr, 105Rh, 97Ru, 68Ge, 57C0, 6SZn, SSSr, 32R 153Gd, 169Y-b’
31Cr, *Mn, 7°Se, ''3Sn, ''7Sn, ***Ac, "°Br, and *''At. Other
radionuclides are also available as diagnostic and therapeutic
agents, especially those in the energy range of 60 to 4,000
keV. Depending on the condition to be treated and the desired
therapeutic profile, those skilled in the art may readily select
the appropriate radioisotope for use with the disclosed modu-
lators.

DLL3 modulators of the present invention may also be
conjugated to a therapeutic moiety or drug that modifies a
given biological response (e.g., biological response modifiers
or BRMs). That is, therapeutic agents or moieties compatible
with the instant invention are not to be construed as limited to
classical chemical therapeutic agents. For example, in par-
ticularly preferred embodiments the drug moiety may be a
protein or polypeptide or fragment thereof possessing a
desired biological activity. Such proteins may include, for
example, a toxin such as abrin, ricin A, Onconase (or another
cytotoxic RNase), pseudomonas exotoxin, cholera toxin, or
diphtheria toxin; a protein such as tumor necrosis factor,
a-interferon, p-interferon, nerve growth factor, platelet
derived growth factor, tissue plasminogen activator, an apo-
ptotic agent, e.g., TNF-a, TNF-f, AIM I (see, International
Publication No. WO 97/33899), AIM 11 (see, International
Publication No. WO 97/34911), Fas Ligand (Takahashi et al.,
1994, J. Immunol., 6:1567), and VEG1 (see, International
Publication No. WO 99/23105), a thrombotic agent or an
anti-angiogenic agent, e.g., angiostatin or endostatin; or, a
biological response modifier such as, for example, a lym-
phokine (e.g., interleukin-1 (“IL-17), interleukin-2 (“IL-27),
interleukin-6 (“IL-6), granulocyte macrophage colony
stimulating factor (“GM-CSF”), and granulocyte colony
stimulating factor (“G-CSF”)), or a growth factor (e.g.,
growth hormone (“GH”)). As set forth above, methods for
fusing or conjugating modulators to polypeptide moieties are
known in the art. In addition to the previously disclosed
subject references see, e.g., U.S. Pat. Nos. 5,336,603; 5,622,
929; 5,359,046; 5,349,053; 5,447,851, and 5,112,946; EP
307,434; EP 367,166; PCT Publications WO 96/04388 and
WO 91/06570; Ashkenazietal., 1991, PNAS USA 88:10535;
Zheng et al., 1995, J Immunol 154:5590; and Vil et al., 1992,
PNAS USA 89:11337 each of which is incorporated herein by
reference. Moreover, as set forth above the association of a
modulator with such moieties does not necessarily need to be
direct, but may occur through linker sequences. As previously
alluded to, such linker molecules are commonly known in the
art and described in Denardo et al., 1998, Clin Cancer Res
4:2483; Peterson et al., 1999, Bioconjug Chem 10:553; Zim-
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merman et al., 1999, Nucl Med Biol 26:943; Garnett, 2002,
Adv Drug Deliv Rev 53:171 each of which is incorporated
herein.

IX. Diagnostics and Screening

A. Diagnostics

Inyet other embodiments, the invention provides in vitro or
in vivo methods for detecting, diagnosing or monitoring pro-
liferative disorders and methods of screening cells from a
patient to identify tumorigenic cells including CSCs. Such
methods include identifying an individual having cancer for
treatment or monitoring progression of a cancer comprising
contacting the patient or a sample obtained from a patient (i.e.
either in vivo or in vitro) with a modulator as described herein
and detecting presence or absence, or level of association, of
the modulator to bound or free target molecules in the sample.
In particularly preferred embodiments the modulator will
comprise a detectable label or reporter molecule as described
herein.

In some embodiments, the association of the modulator,
such as an antibody, with particular cells in the sample likely
denotes that the sample may contain CSCs, thereby indicating
that the individual having cancer may be effectively treated
with a modulator as described herein. The methods may fur-
ther comprise a step of comparing the level of binding to a
control. Conversely, when the modulator is a Fc-construct,
the binding properties may be exploited and monitored (di-
rectly or indirectly, in vivo or in vitro) when in contact with
the sample to provide the desired information.

Exemplary compatible assay methods include radioimmu-
noassays, enzyme immunoassays, competitive-binding
assays, fluorescent immunoassay, immunoblot assays, West-
ern Blot analysis, flow cytometry assays, and ELISA assays.
Compatible in vivo theragnostics or diagnostics may com-
prise art-recognized imaging or monitoring techniques such
as magnetic resonance imaging, computerized tomography
(e.g. CAT scan), positron tomography (e.g., PET scan) radi-
ography, ultrasound, etc., as would be known by those skilled
in the art.

Inanother embodiment, the invention provides a method of
analyzing cancer progression and/or pathogenesis in vivo. In
another embodiment, analysis of cancer progression and/or
pathogenesis in vivo comprises determining the extent of
tumor progression. In another embodiment, analysis com-
prises the identification of the tumor. In another embodiment,
analysis of tumor progression is performed on the primary
tumor. In another embodiment, analysis is performed over
time depending on the type of cancer as known to one skilled
in the art. In another embodiment, further analysis of second-
ary tumors originating from metastasizing cells of the pri-
mary tumor is analyzed in-vivo. In another embodiment, the
size and shape of secondary tumors are analyzed. In some
embodiments, further ex vivo analysis is performed.

Inanother embodiment, the invention provides a method of
analyzing cancer progression and/or pathogenesis in vivo
including determining cell metastasis or detecting and quan-
tifying the level of circulating tumor cells. In yet another
embodiment, analysis of cell metastasis comprises determi-
nation of progressive growth of cells at a site that is discon-
tinuous from the primary tumor. In another embodiment, the
site of cell metastasis analysis comprises the route of neoplas-
tic spread. In some embodiment, cells can disperse via blood
vasculature, lymphatics, within body cavities or combina-
tions thereof. In another embodiment, cell metastasis analysis
is performed in view of cell migration, dissemination,
extravasation, proliferation or combinations thereof.
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Accordingly, in a particularly preferred embodiment the
modulators of the instant invention may be used to detect and
quantify DLL3 levels in a patient sample (e.g., plasma or
blood) which may, in turn, be used to detect, diagnose or
monitor DLL3 associated disorders including proliferative
disorders. In related embodiments the modulators of the
instant invention may be used to detect, monitor and/or quan-
tify circulating tumor cells either in vivo or in vitro (see, for
example, WO 2012/0128801 which is incorporated herein by
reference). In still other preferred embodiments the circulat-
ing tumor cells may comprise cancer stem cells.

In certain examples, the tumorigenic cells in a subjector a
sample from a subject may be assessed or characterized using
the disclosed modulators prior to therapy or regimen to estab-
lish a baseline. In other examples the sample is derived from
a subject that was treated. In some examples the sample is
taken from the subject atleastabout 1,2, 4, 6,7, 8, 10, 12, 14,
15, 16, 18, 20, 30, 60, 90 days, 6 months, 9 months, 12
months, or >12 months after the subject begins or terminates
treatment. In certain examples, the tumorigenic cells are
assessed or characterized after a certain number of doses
(e.g.,after 2, 5,10, 20,30 or more doses of atherapy). In other
examples, the tumorigenic cells are characterized or assessed
after 1 week, 2 weeks, 1 month, 2 months, 1 year, 2 years, 3
years, 4 years or more after receiving one or more therapies.

In another aspect, and as discussed in more detail below,
the present invention provides kits for detecting, monitoring
or diagnosing a hyperproliferative disorder, identifying indi-
vidual having such a disorder for possible treatment or moni-
toring progression (or regression) of the disorder in a patient,
wherein the kit comprises a modulator as described herein,
and reagents for detecting the impact of the modulator on a
sample.

Yet another aspect of the instant invention comprises the
use of labeled DLL3 for immunohistochemistry (IHC). In this
respect DLL3 IHC may be used as a diagnostic tool to aid in
the diagnosis of various proliferative disorders and to monitor
the potential response to treatments including DLL3 modu-
lator therapy. Compatible diagnostic assays may be per-
formed on tissues that have been chemically fixed (including
but not limited to: formaldehyde, gluteraldehyde, osmium
tetroxide, potassium dichromate, acetic acid, alcohols, zinc
salts, mercuric chloride, chromium tetroxide and picric acid)
and embedded (including but not limited to: glycol methacry-
late, paraffin and resins) or preserved via freezing. As dis-
cussed in more detail below such assays could be used to
guide treatment decisions and determine dosing regimens and
timing.

B. Screening

In certain embodiments, the modulators can also be used to
screen for or identify compounds or agents (e.g., drugs) that
alter a function or activity of tumorigenic cells or progeny
thereof by interacting with an antigen (e.g., genotypic or
phenotypic components thereof). Such compounds and
agents can be drug candidates that are screened for the treat-
ment of a proliferative disorder, for example. In one embodi-
ment, a system or method includes tumorigenic cells com-
prising DLL3 and a compound or agent (e.g., drug), wherein
the cells and compound or agent are in contact with each
other. In such embodiments the subject cells may have been
identified, monitored and/or enriched using the disclosed
modulators.

In yet another embodiment, a method includes contacting,
directly or indirectly, tumorigenic cells or progeny thereof
with a test agent or compound and determining if the test
agent or compound modulates an activity or function of the
antigen-associated tumorigenic cells. One example of a direct
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interaction is physical interaction, while an indirect interac-
tion includes the action of a composition upon an intermedi-
ary molecule that, in turn, acts upon the referenced entity
(e.g., cell or cell culture). Exemplary activities or functions
that can be modulated include changes in cell morphology or
viability, expression of a marker, differentiation or de-differ-
entiation, cell respiration, mitochondrial activity, membrane
integrity, maturation, proliferation, viability, apoptosis or cell
death.

Methods of screening and identifying agents and com-
pounds include those suitable for high throughput screening,
which include arrays of cells (e.g., microarrays) positioned or
placed, optionally at pre-determined locations or addresses.
For example, cells can be positioned or placed (pre-seeded)
on a culture dish, tube, flask, roller bottle or plate (e.g., a
single multi-well plate or dish suchasan 8, 16,32, 64, 96,384
and 1536 multi-well plate or dish). High-throughput robotic
or manual handling methods can probe chemical interactions
and determine levels of expression of many genes in a short
period of time. Techniques have been developed that utilize
molecular signals (e.g., via fluorophores) and automated
analyses that process information at a very rapid rate (see,
e.g., Pinhasov et al., Comb. Chem. High Throughput Screen.
7:133 (2004)). For example, microarray technology has been
extensively used to probe the interactions of thousands of
genes at once, while providing information for specific genes
(see, e.g., Mocellin and Rossi, Adv. Exp. Med. Biol. 593:19
(2007)).

Libraries that can be screened include, for example, small
molecule libraries, phage display libraries, fully human anti-
body yeast display libraries (Adimab, LL.C), siRNA libraries,
and adenoviral transfection vectors.

X. Pharmaceutical Preparations and Therapeutic
Uses

A. Formulations and Routes of Administration

Depending on the form of the modulator along with any
optional conjugate, the mode of intended delivery, the disease
being treated or monitored and numerous other variables,
compositions of the invention may be formulated as desired
using art-recognized techniques. In some embodiments, the
therapeutic compositions of the invention may be adminis-
tered neat or with a minimum of additional components while
others may optionally be formulated to contain suitable phar-
maceutically acceptable carriers comprising excipients and
auxiliaries that are well known in the art (see, e.g., Gennaro,
Remington: The Science and Practice of Pharmacy with
Facts and Comparisons: Drugfacts Plus, 20th ed. (2003);
Ansel et al., Pharmaceutical Dosage Forms and Drug Deliv-
ery Systems, 7" ed., Lippencott Williams and Wilkins (2004);
Kibbe et al., Handbook of Pharmaceutical Excipients, 3% ed.,
Pharmaceutical Press (2000)). Various pharmaceutically
acceptable carriers, which include vehicles, adjuvants, and
diluents, are readily available from numerous commercial
sources. Moreover, an assortment of pharmaceutically
acceptable auxiliary substances, such as pH adjusting and
buffering agents, tonicity adjusting agents, stabilizers, wet-
ting agents and the like, are also available. Certain non-lim-
iting exemplary carriers include saline, buffered saline, dex-
trose, water, glycerol, ethanol, and combinations thereof.

More particularly it will be appreciated that, in some
embodiments, the therapeutic compositions of the invention
may be administered neat or with a minimum of additional
components. Conversely the DLL3 modulators of the present
invention may optionally be formulated to contain suitable
pharmaceutically acceptable carriers comprising excipients
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and auxiliaries that are well known in the art and are relatively
inert substances that facilitate administration of the modula-
tor or which aid processing of the active compounds into
preparations that are pharmaceutically optimized for delivery
to the site of action. For example, an excipient can give form
or consistency or act as a diluent to improve the pharmaco-
kinetics or stability of the modulator. Suitable excipients or
additives include, but are not limited to, stabilizing agents,
wetting and emulsifying agents, salts for varying osmolarity,
encapsulating agents, buffers, and skin penetration enhanc-
ers. In certain preferred embodiments the pharmaceutical
compositions may be provided in a lyophilized form and
reconstituted in, for example, buffered saline prior to admin-
istration.

Disclosed modulators for systemic administration may be
formulated for enteral, parenteral or topical administration.
Indeed, all three types of formulation may be used simulta-
neously to achieve systemic administration of the active
ingredient. Excipients as well as formulations for parenteral
and nonparenteral drug delivery are set forth in Remington,
The Science and Practice of Pharmacy 20th Ed. Mack Pub-
lishing (2000). Suitable formulations for parenteral adminis-
tration include aqueous solutions of the active compounds in
water-soluble form, for example, water-soluble salts. In addi-
tion, suspensions of the active compounds as appropriate for
oily injection suspensions may be administered. Suitable
lipophilic solvents or vehicles include fatty oils, for example,
hexylsubstituted poly(lactide), sesame oil, or synthetic fatty
acid esters, for example, ethyl oleate or triglycerides. Aque-
ous injection suspensions may contain substances that
increase the viscosity of the suspension and include, for
example, sodium carboxymethyl cellulose, sorbitol, and/or
dextran. Optionally, the suspension may also contain stabi-
lizers. Liposomes can also be used to encapsulate the agent
for delivery into the cell.

Suitable formulations for enteral administration include
hard or soft gelatin capsules, pills, tablets, including coated
tablets, elixirs, suspensions, syrups or inhalations and con-
trolled release forms thereof.

In general the compounds and compositions of the inven-
tion, comprising DLL3 modulators may be administered in
Vivo, to a subject in need thereof, by various routes, including,
but not limited to, oral, intravenous, intra-arterial, subcutane-
ous, parenteral, intranasal, intramuscular, intracranial, intra-
cardiac, intraventricular, intratracheal, buccal, rectal, intrap-
eritoneal, intradermal, topical, transdermal, and intrathecal,
or otherwise by implantation or inhalation. The subject com-
positions may be formulated into preparations in solid, semi-
solid, liquid, or gaseous forms; including, but not limited to,
tablets, capsules, powders, granules, ointments, solutions,
suppositories, enemas, injections, inhalants, and aerosols.
The appropriate formulation and route of administration may
be selected according to the intended application and thera-
peutic regimen.

B. Dosages

Similarly, the particular dosage regimen, i.e., dose, timing
and repetition, will depend on the particular individual and
that individual’s medical history, as well as empirical consid-
erations such as pharmacokinetics (e.g., half-life, clearance
rate, etc.). Frequency of administration may be determined
and adjusted over the course of therapy, and is based on
reducing the number of proliferative or tumorigenic cells,
maintaining the reduction of such neoplastic cells, reducing
the proliferation of neoplastic cells, or delaying the develop-
ment of metastasis. In other embodiments the dosage admin-
istered may be adjusted or attenuated to manage potential side
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effects and/or toxicity. Alternatively, sustained continuous
release formulations of a subject therapeutic composition
may be appropriate.

In general, the modulators of the invention may be admin-
istered in various ranges. These include about 10 pg/kg body
weight to about 100 mg/kg body weight per dose; about 50
ng/kg body weight to about 5 mg/kg body weight per dose;
about 100 ng/kg body weight to about 10 mg/kg body weight
per dose. Other ranges include about 100 pg/kg body weight
to about 20 mg/kg body weight per dose and about 0.5 mg/kg
body weight to about 20 mg/kg body weight per dose. In
certain embodiments, the dosage is at least about 100 pg/kg
body weight, at least about 250 pg/kg body weight, at least
about 750 pg/kg body weight, at least about 3 mg/kg body
weight, at least about 5 mg/kg body weight, at least about 10
mg/kg body weight.

In selected embodiments the modulators will be adminis-
tered at approximately 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100
ng/kg body weight per dose. Other embodiments will com-
prise the administration of modulators at 200, 300, 400, 500,
600, 700, 800 or 900 pg/kg body weight per dose. In other
preferred embodiments the disclosed modulators will be
administeredat1,2,3,4,5,6,7,8,9 or 10 mg/kg. In still other
embodiments the modulators may be administered at 12, 14,
16, 18 or 20 mg/kg body weight per dose. In yet other embodi-
ments the modulators may be administered at 25, 30, 35, 40,
45,50, 55,60, 65,70,75, 80,90 or 100 mg/kg body weight per
dose. In accordance with the teachings herein it will be appre-
ciated that the aforementioned dosages are applicable to both
unconjugated modulators and modulators conjugated to a
cytotoxic agent. One of skill in the art could readily determine
appropriate dosages for various conjugated and unconjugated
modulators based on preclinical animal studies, clinical
observations and standard medical and biochemical tech-
niques and measurements.

With regard to conjugated modulators particularly pre-
ferred embodiments will comprise dosages of between about
50 pg/kg to about 5 mg/kg body weight per dose. In this
regard conjugated modulators may be administered at 50, 75
or 100 pg/kg or at 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or 1
mg/kg body weight per dose. In other preferred embodiments
the conjugated modulators of the instant invention may be
administered at 1.25, 1.5,1.75, 2,2.25,2.5,2.75,3,3.25,3.5,
3.75, 4,4.25, 4.5, 4.75 or 5 mg/kg body weight per dose. In
particularly preferred embodiments such conjugated modu-
lator dosages will be administered intravenously over a
period of time. Moreover, such dosages may be administered
multiple times over a defined course of treatment.

Other dosing regimens may be predicated on Body Surface
Area (BSA) calculations as disclosed in U.S. Pat. No. 7,744,
877. As is well known, the BSA is calculated using the
patient’s height and weight and provides a measure of a
subject’s size as represented by the surface area of his or her
body. In certain embodiments, the modulators may be admin-
istered in dosages from 10 mg/m* to 800 mg/m?, from 50
mg/m? to 500 mg/m* and at dosages of 100 mg/m?, 150
mg/m?, 200 mg/m?, 250 mg/m?, 300 mg/m?, 350 mg/m>, 400
mg/m? or 450 mg/m”.

It will also be appreciated that art recognized and empirical
techniques may be used to determine appropriate dosage for
conjugated modulators (i.e., ADCs).

In any event, DLL3 modulators (both conjugated and
unconjugated) are preferably administered as needed to sub-
jects in need thereof. Determination of the frequency of
administration may be made by persons skilled in the art, such
as an attending physician based on considerations of the
condition being treated, age of the subject being treated,
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severity of the condition being treated, general state of health
of the subject being treated and the like. Generally, an effec-
tive dose of the DL.LL3 modulator is administered to a subject
one or more times. More particularly, an effective dose of the
modulator is administered to the subject once a month, more
than once a month, or less than once a month. In certain
embodiments, the effective dose of'the DLI.3 modulator may
be administered multiple times, including for periods of at
least a month, at least six months, at least a year, at least two
years or a period of several years. In yet other embodiments,
several days (2, 3, 4, 5, 6 or 7), several weeks (1, 2,3, 4, 5, 6,
7 or 8) or several months (1, 2,3, 4, 5, 6,7 or 8) or even a year
or several years may lapse between administration of the
disclosed modulators.

In certain preferred embodiments the course of treatment
involving conjugated modulators will comprise multiple
doses of the selected drug product (i.e., an ADC) over a period
of weeks or months. More specifically, conjugated modula-
tors of the instant invention may administered once every day,
every two days, every four days, every week, every ten days,
every two weeks, every three weeks, every month, every six
weeks, every two months, every ten weeks or every three
months. In this regard it will be appreciated that the dosages
may be altered or the interval may be adjusted based on
patient response and clinical practices.

Dosages and regimens may also be determined empirically
for the disclosed therapeutic compositions in individuals who
have been given one or more administration(s). For example,
individuals may be given incremental dosages of a therapeu-
tic composition produced as described herein. In selected
embodiments the dosage may be gradually increased or
reduced or attenuated based respectively on empirically
determined or observed side effects or toxicity. To assess
efficacy of the selected composition, a marker of the specific
disease, disorder or condition can be followed as described
previously. In embodiments where the individual has cancer,
these include direct measurements of tumor size via palpation
or visual observation, indirect measurement of tumor size by
x-ray or other imaging techniques; an improvement as
assessed by direct tumor biopsy and microscopic examina-
tion of the tumor sample; the measurement of an indirect
tumor marker (e.g., PSA for prostate cancer) or an antigen
identified according to the methods described herein, a
decrease in pain or paralysis; improved speech, vision,
breathing or other disability associated with the tumor;
increased appetite; or an increase in quality of life as mea-
sured by accepted tests or prolongation of survival. It will be
apparent to one of skill in the art that the dosage will vary
depending on the individual, the type of neoplastic condition,
the stage of neoplastic condition, whether the neoplastic con-
dition has begun to metastasize to other location in the indi-
vidual, and the past and concurrent treatments being used.

C. Combination Therapies

Combination therapies may be particularly useful in
decreasing or inhibiting unwanted neoplastic cell prolifera-
tion, decreasing the occurrence of cancer, decreasing or pre-
venting the recurrence of cancer, or decreasing or preventing
the spread or metastasis of cancer. In such cases the modula-
tors of the instant invention may function as sensitizing or
chemosensitizing agents by removing the CSCs that would
otherwise prop up and perpetuate the tumor mass and thereby
allow for more effective use of current standard of care
debulking or anti-cancer agents. That is, the disclosed modu-
lators may, in certain embodiments provide an enhanced
effect (e.g., additive or synergistic in nature) that potentiates
the mode of action of another administered therapeutic agent.
In the context of the instant invention “combination therapy”
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shall be interpreted broadly and merely refers to the admin-
istration of a modulator and one or more anti-cancer agents
that include, but are not limited to, cytotoxic agents, cytostatic
agents, anti-angiogenic agents, debulking agents, chemo-
therapeutic agents, radiotherapy and radiotherapeutic agents,
targeted anti-cancer agents (including both monoclonal anti-
bodies and small molecule entities), BRMs, therapeutic anti-
bodies, cancer vaccines, cytokines, hormone therapies, radia-
tion therapy and  anti-metastatic  agents and
immunotherapeutic agents, including both specific and non-
specific approaches.

There is no requirement for the combined results to be
additive of the effects observed when each treatment (e.g.,
antibody and anti-cancer agent) is conducted separately.
Although at least additive effects are generally desirable, any
increased anti-tumor effect above one of the single therapies
is beneficial. Furthermore, the invention does not require the
combined treatment to exhibit synergistic effects. However,
those skilled in the art will appreciate that with certain
selected combinations that comprise preferred embodiments,
synergism may be observed.

In practicing combination therapy, the modulator and anti-
cancer agent may be administered to the subject simulta-
neously, either in a single composition, or as two or more
distinct compositions using the same or different administra-
tion routes. Alternatively, the modulator may precede, or
follow, the anti-cancer agent treatment by, e.g., intervals rang-
ing from minutes to weeks. The time period between each
delivery is such that the anti-cancer agent and modulator are
able to exert a combined effect on the tumor. In at least one
embodiment, both the anti-cancer agent and the modulator
are administered within about 5 minutes to about two weeks
of'each other. In yet other embodiments, several days (2, 3, 4,
5, 6 or 7), several weeks (1, 2, 3, 4, 5, 6, 7 or 8) or several
months (1, 2, 3, 4, 5, 6, 7 or 8) may lapse between adminis-
tration of the modulator and the anti-cancer agent.

The combination therapy may be administered once, twice
or at least for a period of time until the condition is treated,
palliated or cured. In some embodiments, the combination
therapy is administered multiple times, for example, from
three times daily to once every six months. The administering
may be on a schedule such as three times daily, twice daily,
once daily, once every two days, once every three days, once
weekly, once every two weeks, once every month, once every
two months, once every three months, once every six months
or may be administered continuously via a minipump. The
combination therapy may be administered via any route, as
noted previously. The combination therapy may be adminis-
tered at a site distant from the site of the tumor.

In one embodiment a modulator is administered in combi-
nation with one or more anti-cancer agents for a short treat-
ment cycle to a subject in need thereof. The invention also
contemplates discontinuous administration or daily doses
divided into several partial administrations. The modulator
and anti-cancer agent may be administered interchangeably,
on alternate days or weeks; or a sequence of antibody treat-
ments may be given, followed by one or more treatments of
anti-cancer agent therapy. In any event, as will be understood
by those of ordinary skill in the art, the appropriate doses of
chemotherapeutic agents will be generally around those
already employed in clinical therapies wherein the chemo-
therapeutics are administered alone or in combination with
other chemotherapeutics.

In another preferred embodiment the DLL3 modulators of
the instant invention may be used in maintenance therapy to
reduce or eliminate the chance of tumor recurrence following
the initial presentation of the disease. Preferably the disorder
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will have been treated and the initial tumor mass eliminated,
reduced or otherwise ameliorated so the patient is asymptom-
atic or in remission. At such time the subject may be admin-
istered pharmaceutically effective amounts of the disclosed
modulators one or more times even though there is little or no
indication of disease using standard diagnostic procedures. In
some embodiments, the modulators will be administered on a
regular schedule over a period of time, such as weekly, every
two weeks, monthly, every six weeks, every two months,
every three months every six months or annually. Given the
teachings herein, one skilled in the art could readily deter-
mine favorable dosages and dosing regimens to reduce the
potential of disease recurrence. Moreover such treatments
could be continued for a period of weeks, months, years or
even indefinitely depending on the patient response and clini-
cal and diagnostic parameters.

In yet another preferred embodiment the modulators of the
present invention may be used to prophylactically or as an
adjuvant therapy to prevent or reduce the possibility of tumor
metastasis following a debulking procedure. As used in the
instant disclosure a “debulking procedure” is defined broadly
and shall mean any procedure, technique or method that
eliminates, reduces, treats or ameliorates a tumor or tumor
proliferation. Exemplary debulking procedures include, but
are not limited to, surgery, radiation treatments (i.e., beam
radiation), chemotherapy, immunotherapy or ablation. At
appropriate times readily determined by one skilled in the art
in view of the instant disclosure the disclosed modulators may
be administered as suggested by clinical, diagnostic or ther-
agnostic procedures to reduce tumor metastasis. The modu-
lators may be administered one or more times at pharmaceu-
tically effective dosages as determined using standard
techniques. Preferably the dosing regimen will be accompa-
nied by appropriate diagnostic or monitoring techniques that
allow it to be modified.

Yet other embodiments of the invention comprise admin-
istering the disclosed modulators to subjects that are asymp-
tomatic but at risk of developing a proliferative disorder. That
is, the modulators of the instant invention may be used in a
truly preventative sense and given to patients that have been
examined or tested and have one or more noted risk factors
(e.g., genomic indications, family history, in vivo or in vitro
test results, etc.) but have not developed neoplasia. In such
cases those skilled in the art would be able to determine an
effective dosing regimen through empirical observation or
through accepted clinical practices.

D. Anti-Cancer Agents

The term “anti-cancer agent” or “anti-proliferative agent”
means any agent that can be used to treat a cell proliferative
disorder such as cancer, and includes, but is not limited to,
cytotoxic agents, cytostatic agents, anti-angiogenic agents,
debulking agents, chemotherapeutic agents, radiotherapy and
radiotherapeutic agents, targeted anti-cancer agents, BRMs,
therapeutic antibodies, cancer vaccines, cytokines, hormone
therapies, radiation therapy and anti-metastatic agents and
immunotherapeutic agents. It will be appreciated that, in
selected embodiments as discussed above, such anti-cancer
agents may comprise conjugates and may be associated with
modulators prior to administration. In certain embodiments
the disclosed anti-cancer agent will be linked to a DLL3
modulator to provide an ADC as set forth herein.

As used herein the term “cytotoxic agent” means a sub-
stance that is toxic to the cells and decreases or inhibits the
function of cells and/or causes destruction of cells. Typically,
the substance is a naturally occurring molecule derived from
a living organism. Examples of cytotoxic agents include, but
are not limited to, small molecule toxins or enzymatically
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active toxins of bacteria (e.g., Diptheria toxin, Pseudomonas
endotoxin and exotoxin, Staphylococcal enterotoxin A), fun-
gal (e.g., a-sarcin, restrictocin), plants (e.g., abrin, ricin,
modeccin, viscumin, pokeweed anti-viral protein, saporin,
gelonin, momoridin, trichosanthin, barley toxin, Aleurites
fordii proteins, dianthin proteins, Phytolacca mericana pro-
teins (PAPI, PAPII, and PAP-S), Momordica charantia
inhibitor, curcin, crotin, saponaria officinalis inhibitor, gelo-
nin, mitegellin, restrictocin, phenomycin, neomycin, and the
tricothecenes) or animals, (e.g., cytotoxic RNases, such as
extracellular pancreatic RNases; DNase 1, including frag-
ments and/or variants thereof).

For the purposes of the instant invention a “chemothera-
peutic agent” comprises a chemical compound that non-spe-
cifically decreases or inhibits the growth, proliferation, and/
or survival of cancer cells (e.g., cytotoxic or cytostatic
agents). Such chemical agents are often directed to intracel-
Iular processes necessary for cell growth or division, and are
thus particularly effective against cancerous cells, which gen-
erally grow and divide rapidly. For example, vincristine depo-
lymerizes microtubules, and thus inhibits cells from entering
mitosis. In general, chemotherapeutic agents can include any
chemical agent that inhibits, or is designed to inhibit, a can-
cerous cell or a cell likely to become cancerous or generate
tumorigenic progeny (e.g., TIC). Such agents are often
administered, and are often most effective, in combination,
e.g., in regimens such as CHOP or FOLFIRI. Again, in
selected embodiments such chemotherapeutic agents may be
conjugated to the disclosed modulators.

Examples of anti-cancer agents that may be used in com-
bination with (or conjugated to) the modulators of the present
invention include, but are not limited to, alkylating agents,
alkyl sulfonates, aziridines, ethylenimines and methy-
lamelamines, acetogenins, a camptothecin, bryostatin,
callystatin, CC-1065, cryptophycins, dolastatin, duocarmy-
cin, eleutherobin, pancratistatin, a sarcodictyin, spongistatin,
nitrogen mustards, antibiotics, enediyne antibiotics, dynemi-
cin, bisphosphonates, esperamicin, chromoprotein enediyne
antiobiotic chromophores, aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin, carabi-
cin, carminomycin, carzinophilin, chromomycinis, dactino-
mycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleu-
cine, ADRIAMYCIN® doxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, potfiromycin, puro-
mycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites,
erlotinib, vemurafenib, crizotinib, sorafenib, ibrutinib, enza-
Iutamide, folic acid analogues, purine analogs, androgens,
anti-adrenals, folic acid replenisher such as frolinic acid,
aceglatone, aldophosphamide glycoside, aminolevulinic
acid, eniluracil, amsacrine, bestrabucil, bisantrene, edatrax-
ate, defofamine, demecolcine, diaziquone, elfornithine, ellip-
tinium acetate, an epothilone, etoglucid, gallium nitrate,
hydroxyurea, lentinan, lonidainine, maytansinoids, mitogua-
zone, mitoxantrone, mopidanmol, nitraerine, pentostatin,
phenamet, pirarubicin, losoxantrone, podophyllinic acid,
2-ethylhydrazide, procarbazine, PSK® polysaccharide com-
plex (JHS Natural Products, Eugene, Oreg.), razoxane;
rhizoxin; sizofiran; spirogermanium; tenuazonic acid; triazi-
quone; 2,2'.2"-trichlorotriethylamine; trichothecenes (espe-
cially T-2 toxin, verracurin A, roridin A and anguidine); ure-
than; vindesine; dacarbazine; mannomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”);
cyclophosphamide;  thiotepa; taxoids, chloranbucil;
GEMZAR® gemcitabine; 6-thioguanine; mercaptopurine;
methotrexate; platinum analogs, vinblastine; platinum; eto-
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poside (VP-16); ifostamide; mitoxantrone; vincristine;
NAVELBINE® vinorelbine; novantrone; teniposide; edatr-
exate; daunomycin; aminopterin; xeloda; ibandronate; irino-
tecan (Camptosar, CPT-11), topoisomerase inhibitor RFS
2000; difluvoromethylornithine; retinoids; capecitabine; com-
bretastatin; leucovorin; oxaliplatin; inhibitors of PKC-alpha,
Raf, H-Ras, EGFR and VEGF-A that reduce cell proliferation
and pharmaceutically acceptable salts, acids or derivatives of
any of the above. Also included in this definition are anti-
hormonal agents that act to regulate or inhibit hormone action
on tumors such as anti-estrogens and selective estrogen
receptor modulators, aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production in
the adrenal glands, and anti-androgens; as well as troxacitab-
ine (a 1,3-dioxolane nucleoside cytosine analog); antisense
oligonucleotides, ribozymes such as a VEGF expression
inhibitor and a HER2 expression inhibitor; vaccines, PRO-
LEUKIN® rIL-2; LURTOTECAN® topoisomerase 1 inhibi-
tor; ABARELIX® rmRH; Vinorelbine and Esperamicins and
pharmaceutically acceptable salts, acids or derivatives of any
of the above.

In other embodiments the modulators of the instant inven-
tion may be used in combination with any one of a number of
antibodies (or immunotherapeutic agents) presently in clini-
cal trials or commercially available. To this end the disclosed
modulators may be used in combination with an antibody
selected from the group consisting of abagovomab, adecatu-
mumab, afituzumab, alemtuzumab, altumomab, amatux-
imab, anatumomab, arcitumomab, bavituximab, bectumo-
mab, bevacizumab, bivatuzumab, blinatumomab,
brentuximab, cantuzumab, catumaxomab, cetuximab, citatu-
zumab, cixutumumab, clivatuzumab, conatumumab, daratu-
mumab, drozitumab, duligotumab, dusigitumab, detumo-
mab, dacetuzumab, dalotuzumab, ecromeximab,
elotuzumab, ensituximab, ertumaxomab, etaracizumab, farl-
etuzumab, ficlatuzumab, figitumumab, flanvotumab, futux-
imab, ganitumab, gemtuzumab, girentuximab, glembatu-
mumab, ibritumomab, igovomab, imgatuzumab,
indatuximab, inotuzumab, intetumumab, ipilimumab, iratu-
mumab, labetuzumab, lexatumumab, lintuzumab, lorvotu-
zumab, lucatumumab, mapatumumab, matuzumab, milatu-
zumab, minretumomab, mitumomab, moxetumomab,
narnatumab, naptumomab, necitumumab, nimotuzumab,
nofetumomabn, ocaratuzumab, ofatumumab, olaratumab,
onartuzumab, oportuzumab, oregovomab, panitumumab,
parsatuzumab, patritumab, pemtumomab, pertuzumab, pin-
tumomab, pritumumab, racotumomab, radretumab, rilotu-
mumab, rituximab, robatumumab, satumomab, sibrotu-
zumab, siltuximab, simtuzumab, solitomab, tacatuzumab,
taplitumomab, tenatumomab, teprotumumab, tigatuzumab,
tositumomab, trastuzumab, tucotuzumab, ublituximab, vel-
tuzumab, vorsetuzumab, votumumab, zalutumumab, CC49,
3F8 and combinations thereof.

Still other particularly preferred embodiments will com-
prise the use of antibodies approved for cancer therapy
including, but not limited to, rituximab, trastuzumab, gemtu-
zumab ozogamcin, alemtuzumab, ibritumomab tiuxetan,
tositumomab, bevacizumab, cetuximab, panitumumab, ofa-
tumumab, ipilimumab and brentuximab vedotin. Those
skilled in the art will be able to readily identify additional
anti-cancer agents that are compatible with the teachings
herein.

E. Radiotherapy

The present invention also provides for the combination of
modulators with radiotherapy (i.e., any mechanism for induc-
ing DNA damage locally within tumor cells such as gamma-
irradiation, X-rays, UV-irradiation, microwaves, electronic
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emissions and the like). Combination therapy using the
directed delivery of radioisotopes to tumor cells is also con-
templated, and may be used in connection with a targeted
anti-cancer agent or other targeting means. Typically, radia-
tion therapy is administered in pulses over a period of time
from about 1 to about 2 weeks. The radiation therapy may be
administered to subjects having head and neck cancer for
about 6 to 7 weeks. Optionally, the radiation therapy may be
administered as a single dose or as multiple, sequential doses.

XI. Indications

It will be appreciated that the modulators of the instant
invention may be used to diagnose, treat or inhibit the occur-
rence or recurrence of any DLL3 associated disorder. Accord-
ingly, whether administered alone or in combination with an
anti-cancer agent or radiotherapy, the modulators of the
invention are particularly useful for generally treating neo-
plastic conditions in patients or subjects which may include
benign or malignant tumors (e.g., adrenal, liver, kidney, blad-
der, breast, gastric, ovarian, colorectal, prostate, pancreatic,
lung, thyroid, hepatic, cervical, endometrial, esophageal and
uterine carcinomas; sarcomas; glioblastomas; and various
head and neck tumors); leukemias and lymphoid malignan-
cies; other disorders such as neuronal, glial, astrocytal, hypo-
thalamic and other glandular, macrophagal, epithelial, stro-
mal and Dblastocoelic disorders; and inflammatory,
angiogenic, immunologic disorders and disorders caused by
pathogens. Particularly, key targets for treatment are neoplas-
tic conditions comprising solid tumors, although hematologic
malignancies are within the scope of the invention. Preferably
the “subject” or “patient” to be treated will be human
although, as used herein, the terms are expressly held to
comprise any mammalian species.

More specifically, neoplastic conditions subject to treat-
ment in accordance with the instant invention may be selected
from the group including, but not limited to, adrenal gland
tumors, AIDS-associated cancers, alveolar soft part sarcoma,
astrocytic tumors, bladder cancer (squamous cell carcinoma
and transitional cell carcinoma), bone cancer (adamanti-
noma, aneurismal bone cysts, osteochondroma, osteosar-
coma), brain and spinal cord cancers, metastatic brain tumors,
breast cancer, carotid body tumors, cervical cancer, chondro-
sarcoma, chordoma, chromophobe renal cell carcinoma,
clear cell carcinoma, colon cancer, colorectal cancer, cutane-
ous benign fibrous histiocytomas, desmoplastic small round
cell tumors, ependymomas, Ewing’s tumors, extraskeletal
myxoid chondrosarcoma, fibrogenesis imperfecta ossium,
fibrous dysplasia of the bone, gallbladder and bile duct can-
cers, gestational trophoblastic disease, germ cell tumors,
head and neck cancers, islet cell tumors, Kaposi’s Sarcoma,
kidney cancer (nephroblastoma, papillary renal cell carci-
noma), leukemias, lipoma/benign lipomatous tumors, liposa-
rcoma/malignant lipomatous tumors, liver cancer (hepato-
blastoma, hepatocellular carcinoma), lymphomas, lung
cancers (small cell carcinoma, adenocarcinoma, squamous
cell carcinoma, large cell carcinoma etc.), medulloblastoma,
melanoma, meningiomas, multiple endocrine neoplasia, mul-
tiple myeloma, myelodysplastic syndrome, neuroblastoma,
neuroendocrine tumors, ovarian cancer, pancreatic cancers,
papillary thyroid carcinomas, parathyroid tumors, pediatric
cancers, peripheral nerve sheath tumors, phacochromocy-
toma, pituitary tumors, prostate cancer, posterious unveal
melanoma, rare hematologic disorders, renal metastatic can-
cer, rhabdoid tumor, rhabdomysarcoma, sarcomas, skin can-
cer, soft-tissue sarcomas, squamous cell cancer, stomach can-
cer, synovial sarcoma, testicular cancer, thymic carcinoma,
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thymoma, thyroid metastatic cancer, and uterine cancers (car-
cinoma of the cervix, endometrial carcinoma, and lei-
omyoma).

In certain preferred embodiments the proliferative disorder
will comprise a solid tumor including, but not limited to,
adrenal, liver, kidney, bladder, breast, gastric, ovarian, cervi-
cal, uterine, esophageal, colorectal, prostate, pancreatic, lung
(both small cell and non-small cell), thyroid, carcinomas,
sarcomas, glioblastomas and various head and neck tumors.
In other preferred embodiments, and as shown in the
Examples below, the disclosed modulators are especially
effective at treating small cell lung cancer (SCL.C) and non-
small cell lung cancer (NSCLC) (e.g., squamous cell non-
small cell lung cancer or squamous cell small cell lung can-
cer). In one embodiment, the lung cancer is refractory,
relapsed or resistant to a platinum based agent (e.g., carbopl-
atin, cisplatin, oxaliplatin, topotecan) and/or a taxane (e.g.,
docetaxel; paclitaxel, larotaxel or cabazitaxel). Further, in
particularly preferred embodiments the disclosed modulators
may be used in a conjugated form to treat small cell lung
cancet.

With regard to small cell lung cancer particularly preferred
embodiments will comprise the administration of conjugated
modulators (ADCs). In selected embodiments the conjugated
modulators will be administered to patients exhibiting limited
stage disease. In other embodiments the disclosed modulators
will be administered to patients exhibiting extensive stage
disease. In other preferred embodiments the disclosed conju-
gated modulators will be administered to refractory patients
(i.e., those who recur during or shortly after completing a
course of initial therapy). Still other embodiments comprise
the administration of the disclosed modulators to sensitive
patients (i.e., those whose relapse is longer than 2-3 months
after primary therapy. In each case it will be appreciated that
compatible modulators may be in a conjugated or unconju-
gated state depending the selected dosing regimen and the
clinical diagnosis.

As discussed above the disclosed modulators may further
be used to prevent, treat or diagnose tumors with neuroendo-
crine features or phenotypes including neuroendocrine
tumors. True or canonical neuroendocrine tumors (NETs)
arising from the dispersed endocrine system are relatively
rare, with an incidence of 2-5 per 100,000 people, but highly
aggressive. Neuroendocrine tumors occur in the kidney, geni-
tourinary tract (bladder, prostate, ovary, cervix, and
endometrium), gastrointestinal tract (colon, stomach), thy-
roid (medullary thyroid cancer), and lung (small cell lung
carcinoma and large cell neuroendocrine carcinoma). These
tumors may secrete several hormones including serotonin
and/or chromogranin A that can cause debilitating symptoms
known as carcinoid syndrome. Such tumors can be denoted
by positive immunohistochemical markers such as neuron-
specific enolase (NSE, also known as gamma enolase, gene
symbol=ENO2), CD56 (or NCAMI), chromogranin A
(CHGA), and synaptophysin (SYP) or by genes known to
exhibit elevated expression such as ASCL1. Unfortunately
traditional chemotherapies have not been particularly effec-
tive in treating NETs and liver metastasis is a common out-
come.

While the disclosed modulators may be advantageously
used to treat neuroendocrine tumors they may also be used to
treat, prevent or diagnose pseudo neuroendocrine tumors
(pNETs) that genotypically or phenotypically mimic,
resemble or exhibit common traits with canonical neuroen-
docrine tumors. Pseudo neuroendocrine tumors or tumors
with neuroendocrine features are tumors that arise from cells
of'the diffuse neuroendocrine system or from cells in which a

10

15

20

25

30

35

40

45

50

55

60

65

90

neuroendocrine differentiation cascade has been aberrantly
reactivated during the oncogenic process. Such pNETs com-
monly share certain phenotypic or biochemical characteris-
tics with traditionally defined neuroendocrine tumors, includ-
ing the ability to produce subsets of biologically active
amines, neurotransmitters, and peptide hormones. Histologi-
cally, such tumors (NETs and pNETs) share a common
appearance often showing densely connected small cells with
minimal cytoplasm of bland cytopathology and round to oval
stippled nuclei. For the purposes of the instant invention
commonly expressed histological markers or genetic markers
that may be used to define neuroendocrine and pseudo neu-
roendocrine tumors include, but are not limited to, chromog-
ranin A, CD56, synaptophysin, PGP9.5, ASCL1 and neuron-
specific enolase (NSE).

Accordingly the modulators of the instant invention may
beneficially be used to treat both pseudo neuroendocrine
tumors and canonical neuroendocrine tumors. In this regard
the modulators may be used as described herein to treat neu-
roendocrine tumors (both NET and pNET) arising in the
kidney, genitourinary tract (bladder, prostate, ovary, cervix,
and endometrium), gastrointestinal tract (colon, stomach),
thyroid (medullary thyroid cancer), and lung (small cell lung
carcinoma and large cell neuroendocrine carcinoma). More-
over, the modulators of the instant invention may be used to
treat tumors expressing one or more markers selected from
the group consisting of NSE, CD56, synaptophysin, chro-
mogranin A, ASCL1 and PGP9.5 (UCHL1). That is, the
present invention may be used to treat a subject suffering from
a tumor that is NSE* or CD56™ or PGP9.5" or ASCL1" or
SYP" or CHGA* or some combination thereof.

With regard to hematologic malignancies it will be further
be appreciated that the compounds and methods of the
present invention may be particularly effective in treating a
variety of B-cell lymphomas, including low grade/NHL fol-
licular cell lymphoma (FCC), mantle cell lymphoma (MCL),
diffuse large cell lymphoma (DLCL), small lymphocytic
(SL) NHL, intermediate grade/follicular NHL, intermediate
grade diffuse NHL, high grade immunoblastic NHL, high
grade lymphoblastic NHL, high grade small non-cleaved cell
NHL, bulky disease NHL, Waldenstrom’s Macroglobuline-
mia, lymphoplasmacytoid lymphoma (LPL), mantle cell
lymphoma (MCL), follicular lymphoma (FL), diffuse large
cell lymphoma (DLCL), Burkitt’s lymphoma (BL), AIDS-
related lymphomas, monocytic B cell lymphoma, angioim-
munoblastic lymphoadenopathy, small lymphocytic, follicu-
lar, diffuse large cell, diffuse small cleaved cell, large cell
immunoblastic lymphoblastoma, small, non-cleaved, Bur-
kitt’s and non-Burkitt’s, follicular, predominantly large cell;
follicular, predominantly small cleaved cell; and follicular,
mixed small cleaved and large cell lymphomas. See, Gaidono
etal., “Lymphomas”, IN CANCER: PRINCIPLES & PRAC-
TICE OF ONCOLOGY, Vol. 2: 2131-2145 (DeVita et al.,
eds., S.sup.th ed. 1997). It should be clear to those of skill in
the art that these lymphomas will often have different names
due to changing systems of classification, and that patients
having lymphomas classified under different names may also
benefit from the combined therapeutic regimens of the
present invention.

The present invention also provides for a preventative or
prophylactic treatment of subjects who present with benign or
precancerous tumors. Beyond being a DLL3 associated dis-
order it is not believed that any particular type of tumor or
proliferative disorder should be excluded from treatment
using the present invention. However, the type of tumor cells
may be relevant to the use of the invention in combination
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with secondary therapeutic agents, particularly chemothera-
peutic agents and targeted anti-cancer agents.

XII. Articles of Manufacture

Pharmaceutical packs and kits comprising one or more
containers, comprising one or more doses of a DLLL3 modu-
lator are also provided. In certain embodiments, a unit dosage
is provided wherein the unit dosage contains a predetermined
amount of a composition comprising, for example, an anti-
DLL3 antibody, with or without one or more additional
agents. For other embodiments, such a unit dosage is supplied
in single-use prefilled syringe for injection. In still other
embodiments, the composition contained in the unit dosage
may comprise saline, sucrose, or the like; a buffer, such as
phosphate, or the like; and/or be formulated within a stable
and effective pH range. Alternatively, in certain embodi-
ments, the composition may be provided as a lyophilized
powder that may be reconstituted upon addition of an appro-
priate liquid, for example, sterile water. In certain preferred
embodiments, the composition comprises one or more sub-
stances that inhibit protein aggregation, including, but not
limited to, sucrose and arginine. Any label on, or associated
with, the container(s) indicates that the enclosed composition
is used for diagnosing or treating the disease condition of
choice.

The present invention also provides kits for producing
single-dose or multi-dose administration units of a DLL3
modulator and, optionally, one or more anti-cancer agents.
The kit comprises a container and a label or package insert on
or associated with the container. Suitable containers include,
for example, bottles, vials, syringes, etc. The containers may
be formed from a variety of materials such as glass or plastic
and contain a pharmaceutically effective amount of the dis-
closed modulators in a conjugated or unconjugated form. In
other preferred embodiments the container(s) comprise a
sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable
by a hypodermic injection needle). Such kits will generally
contain in a suitable container a pharmaceutically acceptable
formulation of the DLL3 modulator and, optionally, one or
more anti-cancer agents in the same or different containers.
The kits may also contain other pharmaceutically acceptable
formulations, either for diagnosis or combined therapy. For
example, in addition to the DLL3 modulator of the invention
such kits may contain any one or more of a range of anti-
cancer agents such as chemotherapeutic or radiotherapeutic
drugs; anti-angiogenic agents; anti-metastatic agents; tar-
geted anti-cancer agents; cytotoxic agents; and/or other anti-
cancer agents. Such kits may also provide appropriate
reagents to conjugate the DLL3 modulator with an anti-can-
cer agent or diagnostic agent (e.g., see U.S. Pat. No. 7,422,
739 which is incorporated herein by reference in its entirety).

More specifically the kits may have a single container that
contains the DLL3 modulator, with or without additional
components, or they may have distinct containers for each
desired agent. Where combined therapeutics are provided for
conjugation, a single solution may be pre-mixed, either in a
molar equivalent combination, or with one component in
excess of the other. Alternatively, the DLL3 modulator and
any optional anti-cancer agent of the kit may be maintained
separately within distinct containers prior to administration to
apatient. The kits may also comprise a second/third container
means for containing a sterile, pharmaceutically acceptable
buffer or other diluent such as bacteriostatic water for injec-
tion (BWFI), phosphate-buffered saline (PBS), Ringer’s
solution and dextrose solution.
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When the components of the kit are provided in one or
more liquid solutions, the liquid solution is preferably an
aqueous solution, with a sterile aqueous solution being par-
ticularly preferred. However, the components of the kit may
be provided as dried powder(s). When reagents or compo-
nents are provided as a dry powder, the powder can be recon-
stituted by the addition of a suitable solvent. It is envisioned
that the solvent may also be provided in another container.

As indicated briefly above the kits may also contain a
means by which to administer the antibody and any optional
components to an animal or patient, e.g., one or more needles
or syringes, or even an eye dropper, pipette, or other such like
apparatus, from which the formulation may be injected or
introduced into the animal or applied to a diseased area of the
body. The kits of the present invention will also typically
include a means for containing the vials, or such like, and
other component in close confinement for commercial sale,
such as, e.g., injection or blow-molded plastic containers into
which the desired vials and other apparatus are placed and
retained. Any label or package insert indicates that the DLL3
modulator composition is used for treating cancer, for
example small cell lung cancer.

In other preferred embodiments the modulators of the
instant invention may be used in conjunction with, or com-
prise, diagnostic or therapeutic devices useful in the diagnosis
or treatment of proliferative disorders. For example, in on
preferred embodiment the compounds and compositions of
the instant invention may be combined with certain diagnos-
tic devices or instruments that may be used to detect, monitor,
quantify or profile cells or marker compounds involved in the
etiology or manifestation of proliferative disorders. For
selected embodiments the marker compounds may comprise
NSE, CD56, synaptophysin, chromogranin A, and PGP9.5.

In particularly preferred embodiments the devices may be
used to detect, monitor and/or quantify circulating tumor cells
either in vivo or in vitro (see, for example, WO 2012/0128801
which is incorporated herein by reference). In still other pre-
ferred embodiments, and as discussed above, the circulating
tumor cells may comprise cancer stem cells.

XIII. Research Reagents

Other preferred embodiments of the invention also exploit
the properties of the disclosed modulators as an instrument
useful for identifying, monitoring, isolating, sectioning or
enriching populations or subpopulations of tumor initiating
cells through methods such as flow cytometry, fluorescent
activated cell sorting (FACS), magnetic activated cell sorting
(MACS) or laser mediated sectioning. Those skilled in the art
will appreciate that the modulators may be used in several
compatible techniques for the characterization and manipu-
lation of TIC including cancer stem cells (e.g., see U.S. Ser.
Nos. 12/686,359, 12/669,136 and Ser. No. 12/757,649 each
of which is incorporated herein by reference in its entirety).

XIV. Miscellaneous

Unless otherwise defined herein, scientific and technical
terms used in connection with the present invention shall have
the meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise required by
context, singular terms shall include pluralities and plural
terms shall include the singular. More specifically, as used in
this specification and the appended claims, the singular forms
“a,” “an” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
protein” includes a plurality of proteins; reference to “a cell”
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includes mixtures of cells, and the like. In addition, ranges
provided in the specification and appended claims include
both end points and all points between the end points. There-
fore, a range of 2.0 to 3.0 includes 2.0, 3.0, and all points
between 2.0 and 3.0.

Generally, nomenclature used in connection with, and
techniques of, cell and tissue culture, molecular biology,
immunology, microbiology, genetics and protein and nucleic
acid chemistry and hybridization described herein are those
well known and commonly used in the art. The methods and
techniques of the present invention are generally performed
according to conventional methods well known in the art and
as described in various general and more specific references
that are cited and discussed throughout the present specifica-
tion unless otherwise indicated. See, e.g., Abbas et al., Cel-
lular and Molecular Immunology, 6% ed., W.B. Saunders
Company (2010); Sambrook J. & Russell D. Molecular Clon-
ing: A Laboratory Manual, 3rd ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (2000); Ausubel
etal., Short Protocols in Molecular Biology: A Compendium
of Methods from Current Protocols in Molecular Biology,
Wiley, John & Sons, Inc. (2002); Harlow and Lane Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y. (1998); and Coligan et
al., Short Protocols in Protein Science, Wiley, John & Sons,
Inc. (2003). Enzymatic reactions and purification techniques
are performed according to manufacturer’s specifications, as
commonly accomplished in the art or as described herein. The
nomenclature used in connection with, and the laboratory
procedures and techniques of, analytical chemistry, synthetic
organic chemistry, and medicinal and pharmaceutical chem-
istry described herein are those well known and commonly
used in the art. Moreover, any section headings used herein
are for organizational purposes only and are not to be con-
strued as limiting the subject matter described.
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XVI. Selected Embodiments of the Invention

In addition to the disclosure and Examples herein, the
present invention is directed to selected embodiments specifi-
cally set forth immediately below.
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Putative Claims:

1. An isolated DLL3 modulator.

2. The isolated DLL3 modulator of claim 1, wherein the
DLL3 modulator comprises a DLL3 antagonist.

3. The isolated DLL3 modulator of claim 1, wherein the
DLL3 modulator comprises an antibody or immunoreac-
tive fragment thereof.

4. The isolated DLL3 modulator of claim 3 wherein the anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

5. The isolated DLL3 modulator of claim 4 wherein the
monoclonal antibody is selected from the group consisting
of chimeric antibodies, humanized antibodies and human
antibodies.

6. The isolated DLL3 modulator of claim 4 wherein said
monoclonal antibody comprises a neutralizing antibody.
7. The isolated DLL3 modulator of claim 4 wherein said

monoclonal antibody comprises a depleting antibody.

8. The isolated DLL3 modulator of claim 4 wherein said
monoclonal antibody comprises an internalizing antibody.

9. The isolated DLL3 modulator of claim 8 wherein said
monoclonal antibody further comprises a cytotoxic agent.

10. The isolated DLL3 modulator of claim 4 wherein said
monoclonal antibody comprises a light chain variable
region having three complementarity determining regions
and a heavy chain variable region having three comple-
mentarity determining regions wherein the heavy and light
chain complementarity determining regions comprise at
least one complementarity determining region set forth in
FIG. 11A and FIG. 11B.

11. The isolated DLL3 modulator of claim 4 wherein said
monoclonal antibody comprises a light chain variable
region and a heavy chain variable region wherein said light
chain variable region comprises an amino acid sequence
having at least 60% identity to an amino acid sequence
selected from the group consisting of amino acid
sequences as set forth in SEQ ID NO: 20, SEQ ID NO: 22,
SEQ ID NO: 24, SEQ ID NO: 26, SEQIDNO: 28, SEQ ID
NO:30,SEQIDNO: 32, SEQ ID NO: 34, SEQIDNO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ IDNO: 42, SEQ ID
NO: 44, SEQ IDNO: 46, SEQ ID NO: 48, SEQID NO: 50,
SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID
NO: 58, SEQ IDNO: 60, SEQ ID NO: 62, SEQIDNO: 64,
SEQ ID NO: 66, SEQ ID NO: 68, SEQ IDNO: 70, SEQ ID
NO: 72, SEQID NO: 74, SEQ IDNO: 76, SEQIDNO: 78
SEQ ID NO: 80, SEQ ID NO: 82, SEQ IDNO: 84, SEQ ID
NO: 86, SEQIDNO: 88, SEQ ID NO: 90, SEQIDNO: 92,
SEQ ID NO: 94, SEQ ID NO: 96, SEQ IDNO: 98, SEQ ID
NO: 100, SEQIDNO: 102, SEQIDNO: 104, SEQID NO:
106, SEQID NO: 108, SEQIDNO: 110, SEQIDNO: 112,
SEQIDNO: 114,SEQIDNO: 116, SEQIDNO: 118, SEQ
IDNO: 120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID
NO: 126, SEQIDNO: 128, SEQID NO: 130, SEQID NO:
132, SEQID NO: 134, SEQIDNO: 136, SEQIDNO: 138,
SEQIDNO: 140,SEQIDNO: 142, SEQIDNO: 144, SEQ
ID NO: 146, SEQ ID NO: 148, SEQ ID NO: 150, SEQ ID
NO: 152, SEQIDNO: 154, SEQIDNO: 156, SEQID NO:
158, SEQIDNO: 160, SEQ ID NO: 162 SEQ ID NO: 164,
SEQIDNO: 166, SEQIDNO: 168, SEQIDNO: 170, SEQ
IDNO: 172, SEQ ID NO: 174, SEQ ID NO: 176, SEQ ID
NO: 178, SEQIDNO: 180, SEQIDNO: 182, SEQID NO:
184, SEQID NO: 186, SEQIDNO: 188, SEQIDNO: 190,
SEQIDNO: 192, SEQIDNO: 194, SEQIDNO: 196, SEQ
ID NO: 198, SEQ ID NO: 200 and SEQ ID NO: 202 and
wherein said heavy chain variable region comprises an
amino acid sequence having at least 60% identity to an
amino acid sequence selected from the group consisting of
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amino acid sequences as set forth in SEQ ID NO: 21, SEQ
IDNO: 23, SEQID NO: 25, SEQ IDNO: 27, SEQ ID NO:
29,SEQIDNO:31,SEQIDNO: 33, SEQ ID NO: 35, SEQ
IDNO: 37, SEQID NO: 39, SEQ IDNO: 41, SEQID NO:
43,SEQIDNO: 45,SEQIDNO: 47, SEQ IDNO: 49, SEQ
IDNO: 51, SEQID NO: 53, SEQ IDNO: 55, SEQ ID NO:
57,SEQIDNO: 59, SEQIDNO: 61, SEQ IDNO: 63, SEQ
IDNO: 65, SEQID NO: 67, SEQ IDNO: 69, SEQ ID NO:
71,SEQIDNO: 73, SEQIDNO: 75, SEQ IDNO: 77, SEQ
IDNO: 79, SEQID NO: 81, SEQ IDNO: 83, SEQ ID NO:
85,SEQIDNO: 87, SEQIDNO: 89, SEQ IDNO: 91, SEQ
IDNO: 93, SEQID NO: 95, SEQ IDNO: 97, SEQ ID NO:
99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 103,
SEQIDNO: 107, SEQIDNO: 109, SEQIDNO: 111, SEQ
IDNO: 113, SEQIDNO: 115, SEQ ID NO: 117, SEQ ID
NO: 119, SEQIDNO: 121, SEQIDNO: 123, SEQID NO:
125,SEQIDNO: 127, SEQIDNO: 129, SEQIDNO: 131,
SEQIDNO: 133, SEQIDNO: 135, SEQIDNO: 137, SEQ
IDNO: 139, SEQID NO: 141, SEQ ID NO: 143, SEQ ID
NO: 145, SEQIDNO: 147, SEQIDNO: 149, SEQID NO:
151, SEQIDNO: 153, SEQIDNO: 155, SEQIDNO: 157,
SEQIDNO: 159, SEQIDNO: 161, SEQIDNO: 163, SEQ
IDNO: 165, SEQID NO: 167, SEQ ID NO: 169, SEQ ID
NO: 171, SEQIDNO: 173, SEQIDNO: 175, SEQID NO:
177,SEQIDNO: 179, SEQIDNO: 181, SEQIDNO: 183,
SEQIDNO: 185,SEQIDNO: 187, SEQIDNO: 189, SEQ
IDNO: 191, SEQID NO: 193, SEQ ID NO: 195, SEQ ID
NO: 197, SEQ ID NO: 199, SEQ ID NO: 201 and SEQ ID
NO: 203.

12. Anisolated DLL3 modulator comprising a CDR from any
one of the heavy or light chain variable regions set forth in
of claim 11.

13. An isolated DLL3 modulator comprising a competing
antibody wherein said competing antibody inhibits the
binding of an isolated DLL3 modulator of claim 10 or 11 to
DLL3 by at least about 40%.

14. A nucleic acid encoding an amino acid heavy chain vari-
able region or an amino acid light chain variable region of
claim 11.

15. A vector comprising the nucleic acid of claim 14.

16. The isolated DLL3 modulator of claim 1 comprising an
amino acid sequence as set forth in SEQ ID NO: 3 or a
fragment thereof.

17. The isolated DLL3 modulator of claim 16 wherein the
DLL3 modulator further comprises at least a portion of an
immunoglobulin constant region.

18. The isolated DLL3 modulator of claim 1 wherein said
modulator reduces the frequency of tumor initiating cells
upon administration to a subject in need thereof.

19. The isolated DLL3 modulator of claim 18 wherein the
reduction in frequency is determined using flow cytometric
analysis of tumor cell surface markers known to enrich for
tumor initiating cells.

20. The isolated DLL3 modulator of claim 18 wherein the
reduction in frequency is determined using immunohis-
tochemical detection of tumor cell surface markers known
to enrich for tumor initiating cells.

21. The isolated DLL3 modulator of claim 18 wherein said
tumor initiating cells comprise tumor perpetuating cells.

22. The isolated DLL3 modulator of claim 1 further compris-
ing a cytotoxic agent.

23. A pharmaceutical composition comprising the isolated
DLL3 modulator of claim 1.

24. The pharmaceutical composition of claim 23 wherein said
isolated DLL3 modulator comprises a monoclonal anti-
body.
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25. The pharmaceutical composition of claim 24 wherein said
monoclonal antibody comprises a humanized antibody.
26. The pharmaceutical composition of claim 25 wherein said

humanized antibody comprises a cytotoxic agent.

27. The pharmaceutical composition of claim 26 wherein said
cytotoxic agent comprises a pyrrolobenzodiazepine.

28. A method of treating a DLL3 associated disorder com-
prising administering a therapeutically effective amount of
a DLL3 modulator to a subject in need thereof.

29. The method of claim 28 wherein said DLL3 modulator
comprises a DLL3 antagonist.

30. The method of claim 28 wherein said DLL3 modulator
comprises an antibody or immunoreactive fragment
thereof.

31. The method of claim 30 wherein the antibody or immu-
noreactive fragment thereof comprises a monoclonal anti-
body.

32. The method of claim 31 wherein the monoclonal antibody
is selected from the group consisting of chimeric antibod-
ies, humanized antibodies and human antibodies.

33. The method of claim 32 wherein said monoclonal anti-
body comprises a light chain variable region and a heavy
chain variable region wherein said light chain variable
region comprises an amino acid sequence having at least
60% identity to an amino acid sequence selected from the
group consisting of amino acid sequences as set forth in
SEQ IDNO: 20, SEQ ID NO: 22, SEQIDNO: 24, SEQ ID
NO: 26, SEQIDNO: 28, SEQ ID NO: 30, SEQIDNO: 32,
SEQ ID NO: 34, SEQ ID NO: 36, SEQ IDNO: 38, SEQ ID
NO: 40, SEQIDNO: 42, SEQ ID NO: 44, SEQID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ IDNO: 52, SEQ ID
NO: 54, SEQ IDNO: 56, SEQ ID NO: 58, SEQID NO: 60,
SEQ ID NO: 62, SEQ ID NO: 64, SEQ IDNO: 66, SEQ ID
NO: 68, SEQIDNO: 70, SEQ ID NO: 72, SEQIDNO: 74,
SEQIDNO: 76, SEQID NO: 78 SEQ ID NO: 80, SEQ ID
NO: 82, SEQIDNO: 84, SEQ ID NO: 86, SEQIDNO: 88,
SEQ IDNO: 90, SEQ IDNO: 92, SEQIDNO: 94, SEQ ID
NO: 96, SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID NO:
102, SEQID NO: 104, SEQIDNO: 106, SEQIDNO: 108,
SEQIDNO: 110,SEQIDNO: 112, SEQIDNO: 114, SEQ
IDNO: 116, SEQ ID NO: 118, SEQ ID NO: 120, SEQ ID
NO: 122,SEQIDNO: 124, SEQIDNO: 126, SEQID NO:
128, SEQID NO: 130, SEQIDNO: 132, SEQIDNO: 134,
SEQIDNO: 136, SEQIDNO: 138, SEQIDNO: 140, SEQ
ID NO: 142, SEQ ID NO: 144, SEQ ID NO: 146, SEQ ID
NO: 148, SEQIDNO: 150, SEQIDNO: 152, SEQID NO:
154, SEQID NO: 156, SEQIDNO: 158, SEQIDNO: 160,
SEQ IDNO: 162 SEQ ID NO: 164, SEQIDNO: 166, SEQ
ID NO: 168, SEQ ID NO: 170, SEQ ID NO: 172, SEQ ID
NO: 174, SEQIDNO: 176, SEQIDNO: 178, SEQID NO:
180, SEQID NO: 182, SEQIDNO: 184, SEQIDNO: 186,
SEQIDNO: 188, SEQIDNO: 190, SEQIDNO: 192, SEQ
ID NO: 194, SEQ ID NO: 196, SEQ ID NO: 198, SEQ ID
NO: 200 and SEQ ID NO: 202 and wherein said heavy
chain variable region comprises an amino acid sequence
having at least 60% identity to an amino acid sequence
selected from the group consisting of amino acid
sequences as set forth in SEQ ID NO: 21, SEQ ID NO: 23,
SEQ IDNO: 25, SEQID NO: 27, SEQIDNO: 29, SEQ ID
NO:31,SEQIDNO: 33, SEQ ID NO: 35, SEQIDNO: 37,
SEQ IDNO: 39, SEQIDNO: 41, SEQIDNO: 43, SEQ ID
NO: 45,SEQIDNO: 47, SEQ ID NO: 49, SEQIDNO: 51,
SEQ IDNO: 53, SEQIDNO: 55, SEQIDNO: 57, SEQ ID
NO: 59,SEQIDNO: 61, SEQ ID NO: 63, SEQIDNO: 65,
SEQ IDNO: 67, SEQIDNO: 69, SEQIDNO: 71, SEQ ID
NO: 73, SEQIDNO: 75, SEQ ID NO: 77, SEQIDNO: 79,
SEQ IDNO: 81, SEQID NO: 83, SEQ IDNO: 85, SEQ ID



US 9,090,683 B2

99

NO: 87, SEQIDNO: 89, SEQID NO: 91, SEQID NO: 93,
SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID
NO: 101, SEQIDNO: 103, SEQ ID NO: 105, SEQID NO:
107,SEQIDNO: 109, SEQIDNO: 111, SEQIDNO: 113,
SEQIDNO: 115,SEQIDNO: 117, SEQIDNO: 119, SEQ
IDNO: 121, SEQ ID NO: 123, SEQ ID NO: 125, SEQ ID
NO: 127, SEQIDNO: 129, SEQIDNO: 131, SEQID NO:
133, SEQIDNO: 135, SEQIDNO: 137, SEQID NO: 139,
SEQIDNO: 141, SEQID NO: 143, SEQID NO: 145, SEQ
ID NO: 147, SEQ ID NO: 149, SEQ ID NO: 151, SEQ ID
NO: 153, SEQIDNO: 155, SEQIDNO: 157, SEQID NO:
159,SEQIDNO: 161, SEQID NO: 163, SEQID NO: 165,
SEQIDNO: 167, SEQIDNO: 169, SEQIDNO: 171, SEQ
IDNO: 173, SEQ ID NO: 175, SEQ ID NO: 177, SEQ ID
NO: 179, SEQIDNO: 181, SEQID NO: 183, SEQID NO:
185, SEQIDNO: 187, SEQIDNO: 189, SEQID NO: 191,
SEQIDNO: 193, SEQID NO: 195, SEQIDNO: 197, SEQ
ID NO: 199, SEQ ID NO: 201 and SEQ ID NO: 203.

34. The method of claim 33 wherein said monoclonal anti-
body is a humanized antibody.

35. The method of claim 31 wherein said monoclonal anti-
body comprises a neutralizing antibody.

36. The method of claim 31 wherein said monoclonal anti-
body comprises an internalizing antibody.

37. The method of claim 36 wherein said internalizing anti-
body comprises a cytotoxic agent.

38. The method of claim 37 wherein said cytotoxic agent
comprises a pyrrolobenzodiazepine.

39. The method of claim 38 wherein said DLL3 associated
disorder comprises a neoplastic disorder.

40. The method of claim 39 wherein said neoplastic disorder
comprises a tumor exhibiting neuroendocrine features.
41. The method of claim 40 wherein said tumor exhibiting
neuroendocrine features comprises a neuroendocrine

tumor.

42. The method of claim 39 wherein said neoplastic disorder
comprises a hematologic malignancy.

43. The method of claim 42 wherein said hematologic malig-
nancy comprises leukemia or lymphoma.

44. The method of claim 39 wherein the subject suffering said
neoplastic disorder exhibits tumors comprising tumor ini-
tiating cells.

45. The method of claim 44 further comprising the step of
reducing the frequency of tumor initiating cells in said
subject.

46. The method of claim 45 wherein the reduction in fre-
quency is determined using flow cytometric analysis of
tumor cell surface markers known to enrich for tumor
initiating cells or immunohistochemical detection of tumor
cell surface markers known to enrich for tumor initiating
cells.

47. The method of claim 45 wherein the reduction in fre-
quency is determined using in vitro or in vivo limiting
dilution analysis.

48. The method of claim 47 wherein the reduction in fre-
quency is determined using in vivo limiting dilution analy-
sis comprising transplant of live human tumor cells into
immunocompromised mice.

49. The method of claim 48 wherein the reduction of fre-
quency determined using in vivo limiting dilution analysis
comprises quantification of tumor initiating cell frequency
using Poisson distribution statistics.

50. The method of claim 47 wherein the reduction of fre-
quency is determined using in vitro limiting dilution analy-
sis comprising limiting dilution deposition of live human
tumor cells into in vitro colony supporting conditions.
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51. The method of claim 50 wherein the reduction of fre-
quency determined using in vitro limiting dilution analysis
comprises quantification of tumor initiating cell frequency
using Poisson distribution statistics.

52. The method of claim 28 further comprising the step of
administering an anti-cancer agent.

53. The method of claim 28 wherein said DLL3 modulator
comprises one or more CDRs from any one of SEQ ID
NOS: 20 to 203.

54. The method of claim 28 wherein said DLL3 modulator
comprises a pan-DLL modulator.

55. A method of reducing the frequency of tumor initiating
cells in a subject in need thereof comprising the step of
administering a DLL3 modulator to said subject.

56. The method of claim 55 wherein the tumor initiating cells
comprise tumor perpetuating cells.

57. The method of claim 56 wherein said tumor perpetuating
cells are CD324" or CD46" cells.

58. The method of claim 55 wherein said DLL3 modulator
comprises an antibody.

59. The method of claim 58 wherein said antibody comprises
a monoclonal antibody.

60. The method of claim 59 wherein said monoclonal anti-
body further comprises a cytotoxic agent.

61. The method of claim 55 wherein the subject is suffering
from a neoplastic disorder selected from the group consist-
ing of adrenal cancer, bladder cancer, cervical cancer,
endometrial cancer, kidney cancer, liver cancer, lung can-
cer, ovarian cancer, colorectal cancer, pancreatic cancer,
prostate cancer and breast cancer.

62. The method of claim 55 wherein the frequency of tumor
initiating cells is reduced by at least 10%.

63. The method of claim 55 wherein the reduction in fre-
quency is determined using flow cytometric analysis of
tumor cell surface markers known to enrich for tumor
initiating cells or immunohistochemical detection of tumor
cell surface markers known to enrich for tumor initiating
cells.

64. A method of treating a subject suffering from a hemato-
logic malignancy comprising the step of administering a
DLL3 modulator to said subject.

65. The method of claim 64 wherein said DLL3 modulator
comprises a monoclonal antibody.

66. A method of sensitizing a tumor in a subject for treatment
with an anti-cancer agent comprising the step of adminis-
tering a DLL3 modulator to said subject.

67. The method of claim 66 wherein said DLL3 modulator
comprises an antibody.

68. The method of claim 66 wherein said tumor is a solid
tumor.

69. The method of claim 66 wherein said anti-cancer agent
comprises a chemotherapeutic agent.

70. The method of claim 66 wherein said anti-cancer agent
comprises an immunotherapeutic agent.

71. A method of diagnosing a proliferative disorder in a
subject in need thereof comprising the steps of:

a. obtaining a tissue sample from said subject;

b. contacting the tissue sample with at least one DLL3
modulator; and

c. detecting or quantifying the DL.I.3 modulator associated
with the sample.

72. The method of claim 71 wherein the DLL3 modulator
comprises a monoclonal antibody.

73. The method of claim 72 wherein the antibody is operably
associated with a reporter.

74. An article of manufacture useful for diagnosing or treating
DLL3 associated disorders comprising a receptacle com-
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prising a DLL3 modulator and instructional materials for
using said DLL3 modulator to treat or diagnose the DLLL3
associated disorder.

75.The article of manufacture of claim 74 wherein said DLL3
modulator is a monoclonal antibody.

76. The article of manufacture of claim 74 wherein the recep-
tacle comprises a readable plate.

77. A method of treating a subject suffering from neoplastic
disorder comprising the step of administering a therapeu-
tically effective amount of at least one internalizing DL.L3
modulator.

78. The method of claim 77 wherein said DLL3 modulator
comprises an antibody.

79. The method of claim 78 wherein said antibody comprises
a monoclonal antibody.

80. The method of claim 79 wherein the monoclonal antibody
further comprises a cytotoxic agent.

81. The method of claim 80 further comprising the step of
administering an anti-cancer agent.

82. A method of treating a subject suffering from neoplastic
disorder comprising the step of administering a therapeu-
tically effective amount of at least one neutralizing DL.L3
modulator.

83. The method of claim 82 wherein said DLL3 modulator
comprises an antibody.

84. The method of claim 83 wherein said antibody comprises
a monoclonal antibody.

85. The method of claim 84 wherein said monoclonal anti-
body comprises a humanized antibody.

86. The method of claim 85 wherein said humanized antibody
further comprises a cytotoxic agent.

87. The method of claim 82 wherein the neoplastic disorder
comprises a tumor exhibiting neuroendocrine features.
88. A method of identifying, isolating, sectioning or enriching
apopulation of tumor initiating cells comprising the step of
contacting said tumor initiating cells with a DLL3 modu-

lator.

89. The method of claim 88 wherein said DLL3 modulator
comprises an antibody.

90. A DLL3 modulator comprising a humanized antibody
wherein said humanized antibody comprises a light chain
variable region and a heavy chain variable region wherein
said light chain variable region comprises an amino acid
sequence having at least 60% identity to an amino acid
sequence selected from the group consisting of amino acid
sequences as set forth in SEQ ID NO: 204, SEQ ID NO:
206, SEQ ID NO: 208, SEQ ID NO: 210 and SEQ ID NO:
212 and wherein said heavy chain variable region com-
prises an amino acid sequence having at least 60% identity
to an amino acid sequence selected from the group consist-
ing of amino acid sequences as set forth in SEQ ID NO:
205, SEQ ID NO: 207, SEQ ID NO: 209, SEQ ID NO: 211
and SEQ ID NO: 213.

91. A method inhibiting or preventing metastasis in a subject
in need thereof comprising the step of administering a
pharmaceutically effective amount of a DLL3 modulator.

92. The method of claim 91 wherein the subject undergoes a
debulking procedure before or after the administration of
the DLL3 modulator.

93.The method of claim 92 wherein said debulking procedure
comprises the administration of at least one anti-cancer
agent.

94. A method of performing maintenance therapy on a subject
in need thereof comprising the step of administering a
pharmaceutically effective amount of a DLL3 modulator.
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95. The method of claim 94 wherein said subject was treated
for a neoplastic disorder prior to the administration of the
DLL3 modulator.

96. A method of depleting tumor initiating cells in a subject
suffering from a proliferative disorder comprising the step
of administering a DLL3 modulator.

97. A method of diagnosing, detecting or monitoring a DLLL3
associated disorder in vivo in a subject in need thereof
comprising the step of administering a DLL3 modulator.

98. A method of diagnosing, detecting or monitoring a DLLL3
associated disorder in a subject in need thereof comprising
the step contacting circulating tumor cells with a DLL3
modulator.

99. The method of claim 98 wherein said contacting step
occurs in vivo.

100. The method of claim 98 wherein said contacting step
occurs in vitro.

101. A method of treating a tumor exhibiting neuroendocrine
features in a patient in need thereof comprising the step of
administering a therapeutically effective amount of a
DLL3 modulator.

102. The method of claim 101 wherein said tumor exhibiting
neuroendocrine features is a neuroendocrine tumor.

103. A DLL3 modulator derived from an antibody selected
from the group consisting of SC16.3, SC16.4, SC16.5,
SC16.7, SC16.8, SC16.10, SC16.11, SC16.13, SC16.15,

SC16.18, SC16.19, SC16.20, SC16.21, SC16.22,
SC16.23, SC16.25, SC16.26, SC16.29, SC16.30,
SC1631, SC1634, SC16.35, SC16.36, SC1638,
SC16.39, SC16.41, SC16.42, SC16.45, SC16.47,
SC16.49, SC16.50, SC16.52, SC16.55, SC16.56,
SC16.57, SC16.58, SC16.61, SC16.62, SC16.63,
SC16.65, SC16.67, SC16.68, SC16.72, SC16.73,
SC16.78, SC16.79, SC16.80, SC16.81, SC16.84,
SC16.88, SC16.101, SC16.103, SC16.104, SC16.105,
SC16.106, SC16.107, SC16.108, SC16.109, SC16.110,
SC16.111, SC16.113, SC16.114, SC16.115, SC16.116,
SC16.117, SC16.118, SC16.120, SC16.121, SC16.122,
SC16.123, SC16.124, SC16.125, SC16.126, SC16.129,
SC16.130, SC16.131, SC16.132, SC16.133, SC16.134,
SC16.135, SC16.136, SC16.137, SC16.138, SC16.139,
SC16.140, SC16.141, SC16.142, SC16.143, SC16.144,

SC16.147, SC16.148, SC16.149 and SC16.150.

104. An isolated DLL3 modulator that binds to an epitope
associated with the EGF1 domain of DLL3.

105. The DLL3 modulator of claim 104 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

106. The DLL3 modulator of claim 105 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

107. The DLL3 modulator of claim 106 wherein said DLL3
modulator comprises an ADC.

108. The DLL3 modulator of claim 107 wherein said ADC
comprises a pyrrolobenzodiazepine.

109. The DLL3 modulator of claim 108 further comprising a
linker.

110. An isolated DLL3 modulator that binds to an epitope
associated with the EGF2 domain of DLL3.

111. The DLL3 modulator of claim 110 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

112. The DLL3 modulator of claim 111 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

113. The DLL3 modulator of claim 112 wherein said DLL3
modulator comprises an ADC.
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114. The DLL3 modulator of claim 113 wherein said ADC
comprises a pyrrolobenzodiazepine.

115. The DLL3 modulator of claim 114 further comprising a
linker.

116. An isolated DLL3 modulator that binds to an epitope
associated with the EGF3 domain of DLL3.

117. The DLL3 modulator of claim 116 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

118. The DLL3 modulator of claim 117 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

119. The DLL3 modulator of claim 118 wherein said DLL3
modulator comprises an ADC.

120. The DLL3 modulator of claim 119 wherein said ADC
comprises a pyrrolobenzodiazepine.

121. The DLL3 modulator of claim 120 further comprising a
linker.

122. An isolated DLL3 modulator that binds to an epitope
associated with the EGF4 domain of DLL3.

123. The DLL3 modulator of claim 122 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

124. The DLL3 modulator of claim 123 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

125. The DLL3 modulator of claim 124 wherein said DLL3
modulator comprises an ADC.

126. The DLL3 modulator of claim 125 wherein said ADC
comprises a pyrrolobenzodiazepine.

127. The DLL3 modulator of claim 126 further comprising a
linker.

128. An isolated DLL3 modulator that binds to an epitope
associated with the EGF5 domain of DLL3.

129. The DLL3 modulator of claim 128 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

130. The DLL3 modulator of claim 129 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

131. The DLL3 modulator of claim 130 wherein said DLL3
modulator comprises an ADC.

132. The DLL3 modulator of claim 131 wherein said ADC
comprises a pyrrolobenzodiazepine.

133. The DLL3 modulator of claim 132 further comprising a
linker.

134. An isolated DLL3 modulator that binds to an epitope
associated with the EGF6 domain of DLL3.

135. The DLL3 modulator of claim 134 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

136. The DLL3 modulator of claim 135 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

137. The DLL3 modulator of claim 136 wherein said DLL3
modulator comprises an ADC.

138. The DLL3 modulator of claim 137 wherein said ADC
comprises a pyrrolobenzodiazepine.

139. The DLL3 modulator of claim 138 further comprising a
linker.

140. An isolated DLL3 modulator that binds to an epitope
associated with the DSL domain of DLL3.

141. The DLL3 modulator of claim 140 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.
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142. The DLL3 modulator of claim 141 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

143. The DLL3 modulator of claim 142 wherein said DLL3
modulator comprises an ADC.

144. The DLL3 modulator of claim 143 wherein said ADC
comprises a pyrrolobenzodiazepine.

145. The DLL3 modulator of claim 144 further comprising a
linker.

146. An isolated DLL3 modulator that binds to an epitope
associated with the N-terminal domain of DLL3.

147. The DLL3 modulator of claim 146 wherein said DLL3
modulator comprises an antibody or immunoreactive frag-
ment thereof.

148. The DLL3 modulator of claim 147 wherein said anti-
body or immunoreactive fragment thereof comprises a
monoclonal antibody.

149. The DLL3 modulator of claim 148 wherein said DLL3
modulator comprises an ADC.

150. The DLL3 modulator of claim 149 wherein said ADC
comprises a pyrrolobenzodiazepine.

151. The DLL3 modulator of claim 150 further comprising a
linker.

152. An isolated DLL3 modulator residing in a bin selected
from the group consisting of bin A, bin B, bin C, bin D, bin
E, bin F, bin G, bin H and bin 1.

153. Anisolated DLL3 modulator residing in a bin defined by
a reference antibody selected from the group consisting of

SC16.3, SC16.4, SC16.5, SC16.7, SC16.8, SC16.10,
SC16.11, SC16.13, SC16.15, SC16.18, SC16.19,
SC16.20, SC16.21, SC16.22, SC16.23, SC16.25,
SC16.26, SC16.29, SC16.30, SC16.31, SC16.34,
SC16.35, SC16.36, SC16.38, SC16.39, SC16.41,
SC16.42, SC16.45, SC16.47, SC16.49, SC16.50,
SC16.52, SC16.55, SC16.56, SC16.57, SC16.58,
SC16.61, SC16.62, SC16.63, SC16.65, SC16.67,
SC16.68, SC16.72, SC16.73, SC16.78, SC16.79,
SC16.80, SC16.81, SC16.84, SC16.88, SC16.101,
SC16.103, SC16.104, SC16.105, SC16.106, SC16.107,
SC16.108, SC16.109, SC16.110, SC16.111, SC16.113,
SC16.114, SC16.115, SC16.116, SC16.117, SC16.118,
SC16.120, SC16.121, SC16.122, SC16.123, SC16.124,
SC16.125, SC16.126, SC16.129, SC16.130, SC16.131,
SC16.132, SC16.133, SC16.134, SC16.135, SC16.136,
SC16.137, SC16.138, SC16.139, SC16.140, SC16.141,
SC16.142, SC16.143, SC16.144, SC16.147, SC16.148,

SC16.149 and SC16.150.
154. An antibody drug conjugate of the formula:

M-[L-Dix

or a pharmaceutically acceptable salt thereof wherein
a) M comprises a DLL3 modulator;

b) L comprises an optional linker;

¢) D is a anti-proliferative agent; and

d) n is an integer from about 1 to about 20.

155. The antibody drug conjugate of claim 154 wherein said
DLL3 modulator comprises an antibody or immunoreac-
tive fragment thereof.

156. The antibody drug conjugate of claim 155 wherein said
antibody comprises a monoclonal antibody.

157. The antibody drug conjugate of claim 156 wherein said
antibody is derived from an antibody selected from the
group consisting of SC16.3, SC16.4, SC16.5, SC16.7,
SC16.8, SC16.10,SC16.11, SC16.13, SC16.15, SC16.18,

SC16.19, SC16.20, SC16.21, SC16.22, SC16.23,
SC16.25, SC16.26, SC16.29, SC16.30, SC1631,
SC16.34, SC1635, SC16.36, SC16.38, SC16.39,
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SC16.45,
SC16.55,
SC16.62,
SC16.72,
SC16.81,

SC16.104,
SC16.109,
SC16.115,
SC16.121,
SC16.126,
SC16.133,

SC16.41,
SC16.50,
SC16.58,
SC16.67,
SC16.79,
SC16.101,
SC16.107,
SC16.113,
SC16.118,
SC16.124,
SC16.131,

SC16.42,

SC16.52,

SC16.61,

SC16.68,

SC16.80,

SC6.103,

SC16.108,

SC16.114,

SC16.120,

SC16.125,

SC16.132,
SC16.136, SC16.137, SC16.138, SC16.139,
SC16.141, SC16.142, SC16.143, SC16.144,
SC16.148, SC16.149 and SC16.150.

158. The antibody drug conjugate of claim 157 wherein said
antibody is humanized.

159. The antibody drug conjugate of claim 154 wherein the
linker comprises a cleavable linker.

160. The antibody drug conjugate of claim 159 wherein said
cleavable linker comprises a peptidy] linker.

161. The antibody drug conjugate of claim 154 wherein said
anti-proliferative agent comprises a cytotoxic agent.

162. The antibody drug conjugate of claim 161 wherein said
cytotoxic agent comprises a pyrrolobenzodiazepine.

163. The antibody drug conjugate of claim 162 wherein said
pyrrolobenzodiazepine comprises a pyrrolobenzodiaz-
epine dimer.

164. A DLL3 modulator comprising a CDR from any one of
SEQ ID NOS: 20-203.

165. The DLL3 modulator of claim 164 wherein said modu-
lator comprises a plurality of CDRs from any one of SEQ
ID NOS: 20-203.

166. A DLL3 antibody modulator that competes for binding
to a DLL3 protein with a reference antibody selected from
the group consisting of SC16.3, SC16.4, SC16.5, SC16.7,
SC16.8, 8C16.10, SC16.11, SC16.13, SC16.15, SC16.18,
SC16.19, SC16.20, SC16.21, SC16.22, SC16.23,
SC16.25, SC16.26, SC16.29, SC16.30, SCl16.31,
SC16.34, SC16.35, SC16.36, SC16.38, SC16.39,
SC16.41, SC16.42, SC16.45, SCl16.47, SCl16.49,
SC16.50, SC16.52, SC16.55, SC16.56, SC16.57,
SC16.58, SC16.61, SC16.62, SC16.63, SCI16.65,
SC16.67, SC16.68, SC16.72, SC16.73, SC16.78,
SC16.79, SC16.80, SC16.81, SC16.84, SC16.88,
SC16.101, SC16.103, SC16.104, SC16.105, SC16.106,
SC16.107, SC16.108, SC16.109, SC16.110, SC16.111,
SC16.113, SC16.114, SC16.115, SC16.116, SC16.117,
SC16.118, SC16.120, SC16.121, SC16.122, SC16.123,
SC16.124, SC16.125, SC16.126, SC16.129, SC16.130,
SC16.131, SC16.132, SC16.133, SC16.134, SC16.135,
SC16.136, SC16.137, SC16.138, SC16.139, SC16.140,
SC16.141, SC16.142, SC16.143, SC16.144, SC16.147,
SC16.148,SC16.149 and SC16.150 wherein binding of the
DLL3 antibody modulator to the DLL3 protein is inhibited
by at least 30%.

167. A DLL3 modulator that binds to a DLL3 protein epitope
comprising amino acids Q93, P94, G95, A96 and P97
(SEQID NO: 9).

168. A DLL3 modulator that binds to a DLL3 protein epitope
comprising amino acids G203, R205 and P206 (SEQ ID
NO: 10).

SC16.47,
SC16.56,
SC16.63,
SC16.73,
SC16.84,

SC16.105,

SC16.110,

SC16.116,

SC16.122,

SC16.129,

SC16.134,

SC16.49,
SC16.57,
SC16.65,
SC16.78,
SC16.88,

SC16.106,

SC16.111,

SC16.117,

SC16.123,

SC16.130,

SC16.135,

SC16.140,

SC16.147,

EXAMPLES

The present invention, thus generally described above, will
be understood more readily by reference to the following
examples, which are provided by way of illustration and are
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not intended to be limiting of the instant invention. The
examples are not intended to represent that the experiments
below are all or the only experiments performed. Unless
indicated otherwise, parts are parts by weight, molecular
weight is weight average molecular weight, temperature is in
degrees Centigrade, and pressure is at or near atmospheric.

Example 1

Analysis of Marker Expression in Selected Tumors
with Neuroendocrine Features

Neuroendocrine tumors (NETs) arising from the dispersed
endocrine system are rare, with an incidence of 2-5 per 100,
000 people, but highly aggressive. Neuroendocrine tumors
occur in the adrenal gland, kidney, genitourinary tract (blad-
der, prostate, ovary, cervix, and endometrium), pancreas, gas-
trointestinal tract (stomach and colon), thyroid (medullary
thyroid cancer), and lung (small cell lung carcinoma, large
cell neuroendocrine carcinoma, and carcinoid). These tumors
may secrete several hormones including serotonin and/or
chromogranin A that can cause debilitating symptoms known
as carcinoid syndrome. These tumors can be denoted by posi-
tive immunohistochemical markers such as neuron-specific
enolase (NSE, also known as gamma enolase, gene
symbol=ENO2), CD56/NCAM1, and synaptophysin. Tradi-
tional chemotherapies have not been successful in treating
NETs, and mortality due to metastatic spread is a common
outcome. Unfortunately, in most cases surgery is the only
potential curative treatment, provided it takes place following
early detection and prior to tumor metastasis. In this context
work was undertaken to identify novel therapeutic targets
associated with tumors comprising neuroendocrine features.

To identify and characterize such tumors as they exist in
cancer patients a large non-traditional xenograft (NTX)
tumor bank was developed and maintained using art-recog-
nized techniques. The NTX tumor bank, comprising a sub-
stantial number of discrete tumor cell lines, was propagated in
immunocompromised mice through multiple passages ofhet-
erogeneous tumor cells originally obtained from numerous
cancer patients afflicted by a variety of solid tumor malignan-
cies. (Note that in some of the Examples and FIGS. herein the
passage number of the tested sample is indicated by pO-p#
appended to the sample designation where p0 is indicative of
an unpassaged sample obtained directly from a patient tumor
and p# is indicative of the number of times the tumor has been
passaged through a mouse prior to testing.) The continued
availability of a large number of discrete early passage NTX
tumor cell lines having well defined lineages greatly facilitate
the identification and characterization of cells purified from
the cell lines. In such work the use of minimally passaged
NTX cell lines simplifies in vivo experimentation and pro-
vides readily verifiable results. Moreover, early passage NTX
tumors respond to therapeutic agents such as irinotecan (i.e.
Camptosar®) and Cisplatin/Etoposide regimens, which pro-
vides clinically relevant insights into underlying mechanisms
driving tumor growth, resistance to current therapies and
tumor recurrence.

As the NTX tumor cell lines were established, their phe-
notype was characterized in various ways to examine global
gene expression. To identify which NTX lines in the bank
might be NETs, gene expression profiles were generated by
whole transcriptome sequencing and/or microarray analysis.
Specifically, the data was examined to identify tumors
expressing high levels of specific genes known to be elevated
in NETSs or used as histochemical markers of neuroendocrine
differentiation (e.g., ASCL1, NCAM1, CHGA) as well as
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tumors with changes in NOTCH pathway genes indicative of
suppression of NOTCH signaling (e.g., reduced levels of
NOTCH receptors, and changes to ligands and effector mol-
ecules).

More particularly, upon establishing various NTX tumor
cell lines as is commonly done for human tumors in severely
immune compromised mice, the tumors were resected after
reaching 800-2,000 mm? and the cells were dissociated and
dispersed into suspension using art-recognized enzymatic
digestion techniques (see, for example, U.S.PN. 2007/
0292414 which is incorporated herein). The dissociated cell
preparations from these NTX lines were then depleted of
murine cells, and human tumor cell subpopulations were then
further isolated by fluorescence activated cell sorting and
lysed in RLTplus RNA lysis buffer (Qiagen). These lysates
were then stored at —80° C. until used. Upon thawing, total
RNA was extracted using a RNeasy isolation kit (Qiagen)
following the vendor’s instructions and quantified on a Nano-
drop spectrophotometer (Thermo Scientific) and a Bioana-
lyzer 2100 (Agilent Technologies) again using the manufac-
turer’s protocols and recommended instrument settings. The
resulting total RNA preparations were suitable for genetic
sequencing and gene expression analysis.

Whole transcriptome sequencing using an Applied Biosys-
tems (ABI) SOLiD (Sequencing by Oligo Ligation/Detec-
tion) 4.5 or SOLiD 5500x1 next generation sequencing sys-
tem (Life Technologies) was performed on RNA samples
from NTX lines. cDNA was generated from total RNA
samples using either a modified whole transcriptome (WT)
protocol from ABI designed for low input total RNA or Ova-
tion RNA-Seq System V2™ (NuGEN Technologies Inc.).
The modified low input WT protocol uses 1.0 ng of total RNA
to amplify mRNA at the 3' end which leads to a heavy 3' bias
of'mapped gene expression, while NuGen’s system allows for
amore consistent amplification throughout the transcript, and
includes amplification of both mRNA and non-polyadeny-
lated transcript cDNA using random hexamers. The cDNA
library was fragmented, and barcodes adapters were added to
allow pooling of fragment libraries from different samples.

ABI’s SOLID 4.5 and SOLiD 5500x] next generation
sequencing platforms enables parallel sequencing of tran-
scriptomes from multiple NTX lines and sorted populations.
A cDNA library is constructed from each RNA sample, which
is fragmented and barcoded. Barcodes on each fragment
library allow multiple samples to be pooled at equal concen-
trations and run together while ensuring sample specificity.
The samples are taken through emulsion PCR using ABI’s
SOLiD™ EZ Bead™ robotics system, which ensures sample
consistency. Paired-end sequencing generates a 50 base read
in the 5' to 3' direction and a 25 base read in the 3' to 5'
direction for each clonally amplified fragment on a single
bead that exists in the pool. In the case of the 5500x1 platform,
for every set of 8 samples pooled in the method mentioned
above, beads are evenly deposited into 6 single channel lanes
on a single chip. This will, on average, generate more than 50
million 50 base reads and 50 million 25 base reads for each of
the 8 samples and generates a very accurate representation of
mRNA transcript level in the tumor cells. Data generated by
the SOLID platform mapped to 34,609 genes as annotated by
RefSeq version 47 using NCBI version hg19.2 of the pub-
lished human genome and provided verifiable measurements
of RNA levels in most samples.

The SOLID platform is able to capture not only expression,
but SNPs, known and unknown alternative splicing events,
small non-coding RNAs, and potentially new exon discover-
ies based solely on read coverage (reads mapped uniquely to
previously un-annotated genomic locations). Thus, use of this
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next generation sequencing platform paired with proprietary
data analysis and visualization software thus allowed for dis-
covery of differential transcript expression as well as differ-
ences and/or preferences for specific splice variants of
expressed mRNA transcripts. Sequencing data from the
SOLiD platform is nominally represented as a transcript
expression value using the metrics RPM (reads per million)
and RPKM (read per kilobase per million), enabling basic
differential expression analysis as is standard practice.

Whole transcriptome sequencing of four small cell lung
cancer (SCLC) tumors (LU73, LU64, LU86 and LU9S5), one
ovarian tumor (OV26) and a large cell neuroendocrine carci-
noma (LCNEC; LU37) resulted in the determination of gene
expression patterns commonly found in NETs (FIG. 4A).
More specifically, these tumors had high expression of sev-
eral NET markers (ASCL1, NCAM1, CHGA) as well as
reduced levels of Notch receptors and effector molecules
(e.g., HES1, HEY1) and elevated markers of Notch suppres-
sion (e.g., DLL3 and HES6). In contrast, 4 normal lung
samples, 3 lung adenocarcinoma tumors (LU137, LU146 and
LU153), and 3 squamous cell lung carcinomas (LLU49, LU70
and LU76) all have expression of various Notch receptors and
effector molecules, and do not show elevated expression of
Notch suppressors such as HES6 and DLL3.

After identifying which NTX in the tumor bank are NETs,
each was analyzed using whole transcriptome sequencing
data to find potential therapeutic targets upregulated in NETs
when compared to non-NETs (including LU_SCC, LU_Ad,
and normal lung). High expression of DLL3 was found in
NET NTX tumors including SCLC, LCNEC, and OV26,
compared to low to non-existent expression in normal lung,
normal ovary, other OV NTX, LU_Ad and LU_SCC NTX
lines (FIG. 4B). High expression of DLL3 in NETs relative to
a variety of normal tissue types was of great interest, as DL.L3
is a known suppressor of Notch signaling. Given this, and in
view of the generated data, DLL3 was selected for further
analysis as a potential immunotherapeutic target.

With the discovery that DLL3 may prove to be a viable
target for modulation and treatment of certain proliferative
disorders, work was undertaken to determine the expression
pattern and levels of DLL3 variants. As discussed above,
there are two known splice variants of DLL3 encoding pro-
teins which differ only in that isoform 1 has an extended
intracellular C-terminus (FIG. 1E). More specifically isoform
2 is a 587 amino acid protein (FIG. 1D; SEQ ID NO: 4)
encoded by mRNA variant 2 (FIG. 1B; SEQID NO: 2), which
contains exons 8a and 8c while isoform 1 is a 618 amino acid
protein (FIG. 1C; SEQ ID NO: 3) encoded by mRNA variant
1 (FIG. 1A; SEQ ID NO: 1), which contains exon 8b. A
schematic diagram illustrating the identical extracellular
domain (ECD) of isoform 1 and isoform 2 in presented in
FIG. 1F.

Again, using the whole transcriptome data obtained as
described above, selected NET tumors were examined to
determine the expression patterns of the aforementioned
exons which, by extension, provides the expression ratio of
the two isoforms. As shown in FIG. 5 it was found that while
the particular expression ratio between the two isoforms may
vary somewhat, isoform 1 expression was predominant in
each tumor. In this respect it is important to note that, as
described above, the cumulative DLL3 expression (both iso-
forms) in each of the tested tumors was elevated with regard
to normal tissues. Accordingly, while isoform ratios may be
indicative of certain tumor types and relevant to genotypic
modulator selection it is not as critical with regard to pheno-
typic modulator strategies. Thatis, because the ECD region of
both DLL3 isoforms are identical, it is expected that a phe-
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notypic modulator of the instant invention directed to the
ECD region (e.g., an anti-DLL3 antibody) would react with
either isoform. Thus it is the absolute expression levels of the
DLL3 ECD (regardless ofisoform) that is dispositive as to the
effectiveness of such strategies.

Example 2

Microarray and RT-PCR Analysis of Gene
Expression in Selected NTX Tumors with
Neuroendocrine Features

In an effort to identify additional NETs in the aforemen-
tioned NTX bank beyond those for which SOLiD whole
transcriptome data existed, a larger set of NTX lines was
examined using microarray analysis. Specifically, 2-6 pug of
total RNA samples derived from whole tumors in 46 NTX
lines or from 2 normal tissues were analyzed using a OneAr-
ray® microarray platform (Phalanx Biotech Group), which
contains 29,187 probes designed against 19,380 genes in the
human genome. More specifically, RNA samples were
obtained (as described in Example 1) from forty-six patient
derived whole NTX tumors comprising colorectal (CR),
melanoma (SK), kidney (KD), lung (LU), ovarian (OV),
endometrial (EM), breast (BR), liver (LIV), or pancreatic
(PA) cancers. Normal colorectal (NormCR) and normal pan-
creas (NormPA) tissues were used as controls. Still more
specifically, lung tumors were further subclassified as small
cell lung cancers (SCLC), squamous cell cancers (SCC), or
large cell neuroendocrine carcinoma (LCNEC). RNA
samples were run in triplicate using the manufacturer’s pro-
tocols and the resulting data was analyzed using standard
industry practices for normalizing and transforming the mea-
sured intensity values obtained for the subject gene in each
sample. An unbiased Pearson Spearman hierarchical cluster-
ing algorithm in the R/BioConductor suite of packages called
hclust.2 was used to create a standard microarray dendrogram
for these 48 samples. As known in the art R/BioConductor is
an open-source, statistical programming language widely
used in academia, finance and the pharmaceutical industry for
data analysis. Generally the tumors were arranged and clus-
tered based on gene expression patterns, expression intensity,
etc.

As shown in FIG. 6A, the dendrogram derived from the 48
samples and across all 19380 genes, clustered NTX lines
together based upon their tumor type or tissue of origin.
Several tumors typically associated with neuroendocrine
phenotypes clustered together on the branch denoted by (1);
these included skin cancers, numerous lung cancers and other
NETs. Interestingly, a sub-branch, denoted by (2), showed
that two large cell lung cancers with neuroendocrine features
(LUS0.LCNEC and LU37.LCNEC) and a small cell lung
cancer (LU102.SCLC) clustered with an ovarian (OV26) and
a kidney (KD66) tumor (cluster C) suggesting these later
tumors also possessed neuroendocrine phenotypes. More-
over, FIG. 6 A shows cluster D which consists of 3 additional
SCLC tumors, and to its right is a small cluster containing an
additional SCLC NTX (LU100) and a neuroendocrine
endometrial tumor (EM6), all expected to possess some neu-
roendocrine features as is generally understood from the lit-
erature and pathology experience in the clinic. The fact that
cluster G, comprised of squamous cell carcinomas of the
lung, can be found on a completely different branch of the
dendrogram of FIG. 6A indicates that the clustering is not
driven exclusively by the organ of origin for the tumor.

Closer inspection of a collection of gene markers associ-
ated with NETs (FIG. 6B) shows that they are strongly
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expressed in tumors comprising clusters C and D, while they
are minimally expressed in tumors in Cluster G (squamous
cell carcinoma of the lung), suggesting clusters C and D
represent NETs or tumors with a neuroendocrine phenotype.
More specifically, cluster C NETs highly express ASCL1,
CALCA, CHGA, SST and NKX2-1, while cluster D NETs
highly express CHGA, ENO2, and NCAM1, and it is the
expression of these neuroendocrine phenotype genes thatis in
part responsible for the clustering of these tumors. An inter-
esting feature is the strong expression of KIT in cluster D, a
gene occasionally reported to be associated with neuroendo-
crine tumors, but clearly linked to oncogenesis in other con-
texts. This is in contrast to the SCC tumors in cluster G which
lack strong expression any of these genes (FIG. 6B).

With regard to Notch signaling, tumors in cluster C show a
phenotype consistent with a reduction in Notch signaling: a
lack of expression of any Notch receptor, a relative lack of
JAG1 and HES1 expression, and strong levels of ASCL1
expression (FIG. 6C). Interestingly, cluster D shows high
expression of HES6, a transcription factor that can support
ASCL1 activity by antagonizing HES1 activity through het-
erodimer formation. Most importantly, these microarray data
show high levels of DLL3 transcription in tumors in clusters
C and D (relative to cluster G3), suggesting that in these tumor
types, DLL3 provides an attractive therapeutic target for
treatment of NETs.

In view of the aforementioned results, mRNA expression
of HES6 was examined from various NTX lines and normal
tissues using an Applied Biosystems 7900HT Machine (Life
Technologies) to perform Tagman real-time quantitative RT-
PCR (qRT-PCR) in accordance with the manufacturer’s pro-
tocols. RNA was isolated as described above and checked to
ensure quality was suitable for gene expression analysis.
RNA from normal tissues was purchased (Agilent Technolo-
gies and Life Technologies). 200 ng of RNA was used for
c¢DNA synthesis using the cDNA archive kit (Life Technolo-
gies). cDNA was used for qRT-PCR analysis on Tagman Low
Density Arrays (TLDA; Life Technologies) which contained
the HES6 Tagman assay to measure mRNA levels of HES6.

HES6 mRNA levels are shown for each NTX line or nor-
mal tissue sample (single dot on graph) after normalization to
endogenous controls. Normalized values are plotted relative
to the average expression in the normal tissues of toxicity
concern (NormTox). This technique allowed for the rapid
identification and characterization of a variety of tumors hav-
ing neuroendocrine features from the NTX tumor bank
through measurement of HES6 and other relevant markers.
FIG. 6D illustrates general overexpression of HES6 in the
sampled tumors with neuroendocrine features (e.g.,
LU-SCLC, LU-LCNEC) compared to normal tissues, breast,
colon, liver and other selected tumors. Significantly these
microarray and qPCR data show that at least some endome-
trial, kidney and ovarian tumors may exhibit neuroendocrine
tumor features (FIGS. 6A and 6D).

Example 3

RT-PCR Analysis of DLL3 in Tumors with
Neuroendocrine Features

To confirm the generated SOLiD and microarray data and
extend the analysis to additional NTX samples, DLLL.3 mRNA
expression was analyzed by qRT-PCR using RNA samples
from various NTX lines, primary biopsies and normal tissues.
The analysis was again performed using an Applied Biosys-
tems 7900HT Machine (Life Technologies) substantially as
described immediately above but optimized for DLL3 detec-
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tion. DLL3 expression is shown relative to the average
expression in normal tissues and normalized to expression of
the endogenous control gene ALAS1. As seen in FIG. 7,
qRT-PCR interrogation of gene expression showed that
DLL3 mRNA is elevated more than 10,000,000-fold in NET
populations versus normal tissues. In this Example the
sampled tumors include additional SCLLC NTX lines beyond
those tested previously as well as a number of RNA samples
derived from primary biopsies (p0). Taken together these data
demonstrate that DLL3 gene expression is dramatically
upregulated in tumors exhibiting neuroendocrine features
and, given that the same pattern is seen in primary biopsy
samples, that the observed upregulation is not an artifact of
growing human tumors in mice.

In addition, three subtypes of NSCLC as defined by clinical
pathology are also represented in FIG. 7: LU2S is a spindle
cell lung carcinoma, LLUS0 is a large cell neuroendocrine
carcinoma (LCNEC), and LUS85 is a squamous cell carci-
noma (SCC). The highest DLL3 expression was seen in the
LCNEC tumor LU50, though elevated levels were also noted
in the SCC and spindle cell tumors. KDY66 and OV26, a
kidney and ovarian tumor, respectively, clustered on the
microarray with SCL.C and LCNEC tumors (FIG. 6A), sug-
gesting they comprise tumors exhibiting neuroendocrine fea-
tures (i.e., NETs or pNETs). Such a conclusion is corrobo-
rated by the high mRNA levels of DLL3 seen in both tumor
samples (FIG. 7). While all of the tumors display a striking
upregulation of DLL3 mRNA relative to normal tissues (FIG.
7), comparison of tumors found both on FIGS. 6A and 7
shows that subtle differences in measured DLL3 mRNA
expression in FIG. 7 correspond to differential clustering in
FIG. 6A; e.g., cluster C contains KD66, LU50, OV26 and
LU102, which are at the high end of DLL3 expression as
shown on FIG. 7, whereas LU85 and LU100, each of which
cluster away from clusters C and D in FIG. 6 A, are among the
lower end of DLL3 expression for the tumor samples mea-
sured. Small cell lung cancer tumors in cluster D in FIG. 6A
(e.g., LU8G6, LU64, and LU9S) show intermediate levels of
DLL3 mRNA expression and may very well be susceptible to
treatment with the modulators of the instant invention.

Example 4

Expression of DLL.3 mRNA and Protein in Various
Tumor Specimens

To extend the analysis of DLLL3 expression to a wider array
of tumor specimens, Tagman qRT-PCR was performed sub-
stantially as described in the previous Examples on a TissueS-
can™ gPCR (Origene Technologies) 384-well array. This
array enables comparison of gene expression across 18 dif-
ferent solid tumor types, with multiple patient derived
samples for each tumor type and from normal adjacent tissue.

In this regard, FIGS. 8A and 8B show the relative and
absolute gene expression levels, respectively, of DLL3 in
whole tumor specimens (grey dots) or normal adjacent tissue
(NAT; white dots) from patients with one of eighteen different
solid tumor types. Data is normalized in FIG. 8A against
mean gene expression in NAT for each tumor type analyzed.
Specimens in which DLL3 was not detected were assigned a
Ctvalue of 50, which represents the last cycle of amplification
in the experimental protocol. Each dot represents a single
tissue specimen, with the geometric mean value represented
as a black line. Using this Origene TissueScan Array, over-
expression of DLLL3 was seen in a subset of adrenal, breast,
cervical, endometrial, lung, ovarian, pancreatic, thyroid and
bladder cancer, many of which may represent NET's or tumors
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with poorly differentiated neuroendocrine phenotypes. A
subset of lung tumors showed the greatest overexpression of
DLL3. The highest expression was seen in 2 LCNEC tumors
on the array. As shown by the absolute gene expression in
FIG. 8B, normal testis is the only normal tissue with high
expression of DLL3. This suggests that DLLL3 expression in
NETs and other tumorigenic cells might play a role in tum-
origenesis and/or tumor progression in a wide variety of
tumors.

Given the elevated DLL3 transcript levels associated with
various tumors, work was undertaken to demonstrate a cor-
responding increase in the expression of DLL3 protein in
NETs relative to other tumors. To this end a DLL3 sandwich
ELISA was developed using the MSD Discovery Platform
(Meso Scale Discovery, LL.C) to detect and quantify DLL3
expression in selected NTX tumor samples. Briefly, NTX
tumor samples were lysed and total protein concentration, as
well as DLL3 protein concentration, were measured in the
lysates using an electrochemiluminescence detection based
sandwich ELISA format. More specifically, DLL3 concen-
trations from the samples were interpolated from electro-
chemiluminescent values using a standard curve generated
from purified recombinant protein and are expressed in FIG.
8C as nanograms of DLL3 per milligram of total protein.

More specifically NTX tumors were excised from mice
and flash frozen on dry ice/ethanol. Protein Extraction Buffer
(Biochain Institute, Inc.) was added to the thawed tumor
pieces and tumors were pulverized using a Tissue Lyser sys-
tem (Qiagen). Lysates were cleared by centrifugation (20,000
g, 20 minutes, 4° C.) and protein was quantified using bicin-
choninic acid (BCA). Protein lysates were stored at -80 C
until assayed.

MSD standard plates (Meso Scale Discovery, LLC) were
coated overnight at 4° C. with 30 pl of SC16.34 antibody
(obtained as set forth in Example 7 below) at 2 ng/ml in PBS.
Plates were washed in PBST and blocked in 150 ul MSD 3%
Blocker A solution for 1 hour. Plates were again washed in
PBST. 25 ul of the SC16.4 antibody (obtained as set forth in
Example 7 below) conjugated to the MSD sulfo-tag and was
added to the washed plates at 0.5 pg/ml in MSD 1% Blocker
A. 25 pl of 10x diluted lysate in MSD 1% Blocker A or
serially diluted recombinant DLL3 standard in MSD 1%
Blocker A containing 10% Protein Extraction Buffer was also
added to the wells and incubated for 2 hours. Plates were
washed in PBST. MSD Read Buffer T with surfactant was
diluted to 1x in water and 150 pl was added to each well.
Plates were read on a MSD Sector Imager 2400 using an
integrated software analysis program to derive DLL3 concen-
trations in NTX samples via interpolation. Values were then
divided by total protein concentration to yield nanograms of
DLL3 per milligram of total lysate protein. The resulting
concentrations are set forth in FIG. 8C wherein each spot
represents concentrations derived from a single NTX tumor
line. While each spot is derived from a single NTX line, in
most cases multiple biological samples were tested from the
same N'TX line and values were averaged to provide the data
point.

In any event FIG. 8C shows that the highest expression of
DLL3 was found in SCLC, LCNEC, as well as other neuroen-
docrine tumors including selected kidney samples and a
single ovarian tumor. FIG. 8C also demonstrates that certain
melanoma NTX lines exhibited elevated DLL3 protein
expression which is particularly interesting in that these NTX
lines also clustered near NET NTX lines in the microarray
analysis conducted in Example 4 (FIG. 6A).
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These data, combined with the transcription data for DLLL3
expression set forth above strongly reinforces the proposition
that DLL3 determinants provide attractive targets for thera-
peutic intervention.

Example 5

Expression of NOTCH Receptors and Delta-Like
Ligands on the Cell Surface of Selected NTX Tumor
Lines

To further extend the observations from Examples 1 and 2
above, cells isolated from several NTX tumors found in Clus-
ters C and D (KDY 66, OV26, LU64; FIG. 6A) as well as a
SCLC tumor determined to have high expression of DLL3 by
SOLiD sequencing or qRT-PCR (LU73, FIGS. 4 and 7) were
analyzed using flow cytometry for determination of the levels
of protein expression for various Notch receptors and other
DLL family members. Generally flow cytometry-based pro-
tein expression data was generated using a FACSCanto II (BD
Biosciences) as per the manufacturer’s instructions. Data in
FIG. 9 shows individual tumor cells displayed as histogram
plots, wherein the background staining of isotype control
antibodies is shown in the gray, filled histograms and expres-
sion of the protein of interest, as determined using commer-
cially available antibodies is displayed by the bold, black line.

As can be seen graphically in FIG. 9, little to no expression
of any of the Notch receptors (e.g., NOTCH1-4) was
observed in any of these tumors, as determined relative to
fluorescence minus one (FMO) isotype-control stained cells.
This is indicated graphically by the histograms, as well as
numerically in the reported mean fluorescence intensities
(MFI) for each measurement. Similarly, the two lung cancer
derived NTX cells showed no expression of either DLL1 or
DLLA4. Slight expression of DLL4 alone (OV26) or DLL1 and
DLL4 (KDY66) could be observed for two of the tumors. In
general, these observations confirm the results obtained and
presented in Examples 1 and 2 above, that these tumor types
show little to no expression of Notch signaling pathway com-
ponents, consistent with loss of Notch signaling in NETs or
poorly differentiated tumors with neuroendocrine pheno-
types.

Example 6
Generation of Anti-DLL3 Modulators

DLL3 modulators in the form of murine antibodies were
produced in accordance with the teachings herein through
inoculation with recombinant human DLL3-Fc or with
human DLL3-His (each comprising the mature ECD of
DLL3 set forth in FIG. 1C; SEQ ID NO: 3) in two separate
immunization campaigns. In this regard three strains of mice
(Balb/c, CD-1 and FVB) were inoculated with human recom-
binant DLL3 to provide hybridomas secreting high affinity,
murine monoclonal antibody modulators.

The hDLL3-Fc fusion construct was obtained from Adipo-
gen International (Catalog No. AG-40A-0113) where it had
been purified from the supernatant of DLI.3-Fc overexpress-
ing HEK 293 cells as described in the manufacturer’s product
data sheet. Recombinant hDILI.3-His protein was purified
from the supernatants of CHOKI1 cells engineered to overex-
press hDLIL3-His. 10 ug of hDLIL3-Fc or hDLL.3-His immu-
nogen was emulsified with an equal volume of TITERMAX®
Gold (CytRx Corporation) or alum adjuvant and used for the
immunization of each mouse. The resulting emulsions were
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then injected into three female mice (1 each: Balb/c, CD-1
and FVB) via the footpad route.

Solid-phase ELISA assays were used to screen mouse sera
for mouse IgG antibodies specific for human DLIL3. A posi-
tive signal above background was indicative of antibodies
specific for DLL3. Briefly, 96 well plates (VWR Interna-
tional, Cat. #610744) were coated with recombinant DLL3-
His at 0.5 pg/ml in ELISA coating buffer overnight. After
washing with PBS containing 0.02% (v/v) Tween 20, the
wells were blocked with 3% (w/v) BSA in PBS, 200 ul./well
for 1 hour at room temperature (RT). Mouse serum was
titrated (1:100, 1:200, 1:400, and 1:800) and added to the
DLL3 coated plates at 50 uL/well and incubated at RT for 1
hour. The plates are washed and then incubated with 50
uL/well HRP-labeled goat anti-mouse IgG diluted 1:10,000
in 3% BSA-PBS or 2% FCS in PBS for 1 hour at RT. Again the
plates were washed and 40 pl./well of a TMB substrate solu-
tion (Thermo Scientific 34028) was added for 15 minutes at
RT. After developing, an equal volume of 2N H,SO, was
added to stop substrate development and the plates were
analyzed by spectrophotometer at OD 450.

Sera-positive immunized mice were sacrificed and drain-
ing lymph nodes (popliteal and inguinal, and medial iliac if
enlarged) were dissected out and used as a source for antibody
producing cells. A single cell suspension of B cells (228.9x
10° cells) was fused with non-secreting P3x63Ag8.653
myeloma cells (ATCC #CRL-1580) at a ratio of 1:1 by elec-
trofusion. Electrofusion was performed using the BTX
Hybrimmune™ System, (BTX Harvard Apparatus) as per the
manufacturer’s directions. After the fusion procedure the
cells were resuspended in hybridoma selection medium
supplemented with Azaserine (Sigma #A9666), high glucose
DMEM medium with sodium pyruvate (Cellgro cat#15-017-
CM) containing 15% Fetal Clone I serum (Hyclone), 10%
BM Condimed (Roche Applied Sciences), 4 mM
L-glutamine, 100 IU Penicillin-Streptomycin and 50 uM
2-mercaptoethanol and then plated in three T225 flasks in 90
mlL selection medium per flask. The flasks were then placed in
ahumidified 37° C. incubator containing 5% CO, and 95% air
for 6-7 days.

After six to seven days of growth the library consisting of
the cells grown in bulk in the T225s was plated at 1 cell per
well in Falcon 96 well U-bottom plates using the Aria I cell
sorter. The selected hybridomas were then grown in 200 uL. of
culture medium containing 15% Fetal Clone I serum (Hy-
clone), 10% BM-Condimed (Roche Applied Sciences), ] mM
sodium pyruvate, 4 mM L-glutamine, 100 IU Penicillin-
Streptamycin, 50 uM 2-mercaptoethanol, and 100 uM hypox-
anthine. Any remaining unused hybridoma library cells were
frozen for future library testing. After ten to eleven days of
growth supernatants from each well of the plated cells were
assayed for antibodies reactive for DLL3 by ELISA and
FACS assays.

For screening by ELISA 96 well plates were coated with
denatured human DLL3 or cell lysates of 293 cells overex-
pressing human DLL3 (obtained as discussed below), in
sodium carbonate buffer overnight at 4° C. The plates were
washed and blocked with 3% BSA in PBS/Tween for one
hour at 37° C. and used immediately or kept at 4° C. Undi-
Iuted hybridoma supernatants were incubated on the plates
for one hour at RT. The plates were washed and probed with
HRP labeled goat anti-mouse IgG diluted 1:10,000 in 3%
BSA-PBS for one hour at RT. The plates were then incubated
with substrate solution as described above and read at OD
450. Wells containing immunoglobulin that preferentially
bound human DLL3, as determined by a signal above back-
ground, were transferred and expanded.
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Growth positive hybridoma wells secreting murine immu-
noglobulin were also screened for human DLL3 specificity
and cynomolgus, rat and murine DLL3 cross reactivity using
a flow cytometry based assay with 293 cells engineered to
over-express either human DLL3 (h293-hDLIL3), cynomol-
gus DLL3 (h293-cDLL3), rat (h293-rDLL3) or murine DLL3
(h293-mDLL3) proteins. h293-hDLL3 cells were made by
transduction of 293T cells using a lentivirus made from a
commercial bicistronic lentiviral vector (Open Biosystems)
that expressed both hDLL3 and a GFP marker. h293-mDLL3
cells were made by transduction of 293T cells using a bicis-
tronic lentiviral vector expressing both mDLL3 and a RFP
marker, constructed as follows. A DNA fragment (FIG. 10A;
SEQ ID NO: 5) encoding the mature murine DLL3 protein
(FIG. 10B; SEQ ID NO: 6) was obtained by PCR amplifica-
tion from a commercial murine DLL3 construct (Origene)
and subcloned downstream of an IgG K signal peptide
sequence previously engineered upstream of the multiple
cloning site of pCDH-EF1-MCS-IRES-RFP (System Bio-
sciences) using standard molecular cloning techniques. Simi-
larly, h293-rDLL3 cells were made by transduction of 293T
cells using a bicistronic lentiviral vector expressing both rat
DLL3 and a GFP marker, constructed by cloning a synthetic
DNA fragment (GeneWiz) comprising a codon-optimized
sequence encoding the mature rat DLLL3 protein (accession
NP__446118.1, residues 25-589) downstream of an IgK sig-
nal peptide sequence previously engineered upstream of the
multiple cloning site of pCDH-EF1-MCS-IRES-GFP (Sys-
tem Biosciences) using standard molecular cloning tech-
niques. Finally, cynomolgus (e.g., Macaca fascicularis)
DLL3 (¢DLL3) sequence was deduced using the human
DLL3 sequence to BLAST against the publically available
Macaca fascicularis whole-genome shotgun contigs, and
assembling the exon sequences of the Cynomolgus gene
assuming maintenance of exonic structure in the gene across
species. PCR amplification and direct sequencing of the indi-
vidual exons 2-7 from Cynomolgus genomic DNA (Zyagen)
was used to confirm that the deduced sequence was correct
across the ECD region of the protein. The ¢cDLL3 DNA
sequence (FIG. 10C; SEQ ID NO: 7), encoding the cDLL3
protein (FIG. 10D; SEQ ID NO: 8), was manufactured syn-
thetically (GeneWiz) and subcloned downstream of an IgG K
signal peptide sequence previously engineered upstream of
the multiple cloning site of pCDH-EF1-MCS-IRES-GFP
(System Biosciences) using standard molecular cloning tech-
niques. Transduction of 293T cells with this vector yielded
the h293-cDLL3 cells.

For the flow cytometry assays, 50x10* h293 cells trans-
duced respectively with human, cynomolgus, rat or murine
DLL3 were incubated for 30 minutes with 25-100 uL hybri-
doma supernatant. Cells were washed with PBS, 2% FCS,
twice and then incubated with 50 ul. of a goat-anti-mouse IgG
Fc fragment specific secondary conjugated to DyLight 649
diluted 1:200 in PBS/2% FCS. After 15 minutes of incuba-
tion, cells were washed twice with PBS/2% FCS and re-
suspended in PBS/2% FCS with DAPI and analyzed by flow
cytometry using a FACSCanto II as per the manufacturer’s
instructions. Wells containing immunoglobulin that preferen-
tially bound the DLL3* GFP* cells were transferred and
expanded. The resulting hDLL3 specific clonal hybridomas
were cryopreserved in CS-10 freezing medium (Biolife Solu-
tions) and stored in liquid nitrogen. Antibodies that bound
h293-hDLL3, h293-cDLL3, h293-rDLL3 and/or h293-
mDLL3 cells were noted as cross-reactive (see FIG. 12).
Based on this assay all the selected modulators that were cross
reactive with the murine antigen were also cross reactive with
the rat antigen.
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ELISA and flow cytometry analysis confirmed that puri-
fied antibody from most or all of these hybridomas bound
DLL3 in a concentration-dependent manner. One fusion of
each immunization campaign was performed and seeded in
64 plates (6144 wells at approximately 60-70% cloning effi-
ciency). The hDLIL3-Fc immunization campaign and screen-
ing yielded approximately 90 murine antibodies specific for
human DLL3, several of which were cross reactive with
murine DLL3. The hDLL3-His immunization campaign
yielded 50 additional murine antibodies specific for human
DLL3, a number of which cross reacted with murine DLL3.

Example 7
Sequencing of Marine DLL3 Modulators

Based on the foregoing, a number of exemplary distinct
monoclonal antibodies that bind immobilized human DLL3
or h293-hDLL3 cells with apparently high affinity were
selected for sequencing and further analysis. As shown in a
tabular fashion in FIGS. 11A and 11B, sequence analysis of
the light chain variable regions (FIG. 11A) and heavy chain
variable regions (FIG. 11B) from selected monoclonal anti-
bodies generated in Example 6 confirmed that many had
novel complementarity determining regions and often dis-
played novel VDI arrangements. Note that the complemen-
tarity determining regions set forth in FIGS. 11A and 11B are
defined as per Chothia et al., supra.

As a first step in sequencing exemplary modulators, the
selected hybridoma cells were lysed in Trizol® reagent (Tri-
zol Plus RNA Purification System, Life Technologies) to
prepare the RNA. In this regard between 10* and 10° cells
were resuspended in 1 mL Trizol and shaken vigorously after
addition of 200 pL of chloroform. Samples were then centri-
fuged at 4° C. for 10 minutes and the aqueous phase was
transferred to a fresh microfuge tube where an equal volume
of isopropanol was added. The tubes were again shaken vig-
orously and allowed to incubate at RT for 10 minutes before
being centrifuged at 4° C. for 10 minutes. The resulting RNA
pellets were washed once with 1 mIL of 70% ethanol and dried
briefly at RT before being resuspended in 40 ul. of DEPC-
treated water. The quality of the RNA preparations was deter-
mined by fractionating 3 ulL in a 1% agarose gel before being
stored at —80° C. until used.

The variable region of the Ig heavy chain of each hybri-
doma was amplified using a 5' primer mix comprising thirty-
two mouse specific leader sequence primers, designed to
target the complete mouse V , repertoire, in combination with
a3' mouse Cy primer specific for all mouse Ig isotypes. A 400
bp PCR fragment of the V, was sequenced from both ends
using the same PCR primers. Similarly a mix of thirty-two §'
Vk leader sequence primers designed to amplify each of the
Vk mouse families combined with a single reverse primer
specific to the mouse kappa constant region were used to
amplify and sequence the kappa light chain. The V,and V,
transcripts were amplified from 100 ng total RNA using
reverse transcriptase polymerase chain reaction (RT-PCR).

A total of eight RT-PCR reactions were run for each hybri-
doma: four for the Vi light chain and four for the V gamma
heavy chain (y1). The One Step RT-PCR kit was used for
amplification (Qiagen). This kit provides a blend of Sensis-
cript and Omniscript Reverse Transcriptases, HotStarTaq
DNA Polymerase, ANTP mix, buffer and Q-Solution, a novel
additive that enables efficient amplification of “difficult”
(e.g., GC-rich) templates. Reaction mixtures were prepared
that included 3 pl. of RNA, 0.5 of 100 uM of either heavy
chain or kappa light chain primers (custom synthesized by
1IDT), S pL of SXRT-PCR buffer, 1 ul. dNTPs, 1 ul. of enzyme
mix containing reverse transcriptase and DNA polymerase,
and 0.4 ul. of ribonuclease inhibitor RNasin (1 unit). The
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reaction mixture contains all of the reagents required for both
reverse transcription and PCR. The thermal cycler program
was set for an RT step 50° C. for 30 minutes, 95° C. for 15
minutes, followed by 30 cycles of PCR (95° C. for 30 sec-
onds, 48° C. for 30 seconds, 72° C. for one minute). There was
then a final incubation at 72° C. for 10 minutes.

To prepare the PCR products for direct DNA sequencing,
they were purified using the QIAquick™ PCR Purification
Kit (Qiagen) according to the manufacturer’s protocol. The
DNA was eluted from the spin column using 50 pl of sterile
water and then sequenced directly from both strands. The
extracted PCR products were directly sequenced using spe-
cific V region primers. Nucleotide sequences were analyzed
using IMGT to identify germline V, D and J gene members
with the highest sequence homology. The derived sequences
were compared to known germline DNA sequences of the Ig
V- and J-regions using V-BASE2 (Retter et al., supra) and by
alignment of' V,and V, genes to the mouse germline database
to provide the annotated sequences set forthin FIGS. 11A and
11B.

More specifically, FIG. 11A depicts the contiguous amino
acid sequences of ninety-two novel murine light chain vari-
able regions from anti-DLL3 antibodies (SEQ ID NOS:
20-202, even numbers) and five humanized light chain vari-
able regions (SEQ ID NOS: 204-212, even numbers) derived
from representative murine light chains. Similarly, FIG. 11B
depicts the contiguous amino acid sequences of ninety-two
novel murine heavy chain variable regions (SEQ ID NOS:
21-203, odd numbers) from the same anti-DLL3 antibodies
and five humanized heavy chain variable regions (SEQ ID
NOS: 205-213, odd numbers) from the same murine antibod-
ies providing the humanized light chains. Thus, taken
together FIGS. 11A and 11B provide the annotated sequences
of ninety-two operable murine anti-DLL3 antibodies (termed
SC16.3, SCl16.4, SC16.5, SC16.7, SC16.8, SC16.10,
SC16.11, SC16.13, SC16.15, SC16.18, SC16.19, SC16.20,
SC16.21, SC16.22, SC16.23, SC16.25, SC16.26, SC16.29,
SC16.30, SC16.31, SC16.34, SC16.35, SC16.36, SC16.38,
SC16.41, SC16.42, SC16.45, SC16.47, SC16.49, SC16.50,
SC16.52, SC16.55, SC16.56, SC16.57, SC16.58, SC16.61,
SC16.62, SC16.63, SC16.65, SC16.67, SC16.68, SC16.72,
SC16.73, SC16.78, SC16.79, SC16.80, SC16.81, SC16.84,

SC16.88, SC16.101, SC16.103, SC16.104, SC16.105,
SC16.106, SC16.107, SC16.108, SC16.109, SC16.110,
SC16.111, SC16.113, SC16.114, SC16.115, SC16.116,
SC16.117, SC16.118, SC16.120, SC16.121, SC16.122,
SC16.123, SC16.124, SC16.125, SC16.126, SC16.129,
SC16.130, SC16.131, SC16.132, SC16.133, SC16.134,
SC16.135, SC16.136, SC16.137, SC16.138, SC16.139,
SC16.140, SC16.141, SC16.142, SC16.143, SC16.144,
SC16.147, SC16.148, SC16.149 and SC16.150) and five

humanized antibodies (termed hSC16.13, hSC16.15,
hSC16.25, hSC16.34 and hSC16.56). Note that these same
designations may refer to the clone that produces the subject
antibody and, as such, the use of any particular designation
should be interpreted in the context of the surrounding dis-
closure.

For the purposes of the instant application the SEQ ID NOS
of'each particular antibody are sequential. Thus mAb SC16.3
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comprises SEQ ID NOS: 20 and 21 for the light and heavy
chain variable regions respectively. In this regard SC16.4
comprises SEQ ID NOS: 22 and 23, SC16.5 comprises SEQ
ID NOS: 24 and 25, and so on. Moreover, corresponding

5 nucleic acid sequences for each antibody amino acid

sequence in FIGS. 11A and 11B are appended to the instant
application in the sequence listing filed herewith. In the sub-
ject sequence listing the included nucleic acid sequences
comprise SEQ ID NOS that are two hundred greater than the

0 corresponding amino acid sequence (light or heavy chain).
Thus, nucleic acid sequences encoding the light and heavy
chain variable region amino acid sequences of mAb SC16.3
(i.e., SEQ ID NOS: 20 and 21) comprise SEQ ID NOS: 220
and 221 in the sequence listing. In this regard nucleic acid

5 sequences encoding all of the disclosed light and heavy chain
variable region amino acid sequences, including those encod-
ing the humanized constructs, are numbered similarly and
comprise SEQ ID NOS: 220-413.

20 Example 8

Humanization of DLL3 Modulators

As alluded to above, five of the murine antibodies from

55 Example 7 were humanized using complementarity deter-

mining region (CDR) grafting. Human frameworks for heavy
and light chains were selected based on sequence and struc-
ture similarity with respect to functional human germline
genes. In this regard structural similarity was evaluated by
comparing the mouse canonical CDR structure to human
candidates with the same canonical structures as described in
Chothia et al. (supra).

More particularly murine antibodies SC16.13, SC16.15,
SC16.25, SC16.34 and SC16.56 were humanized using a
computer-aided CDR-grafting method (Abysis Database,
5 UCL Business Plc.) and standard molecular engineering

techniques to provide hSC16.13, hSC16.15, hSC16.25,

hSC16.34 and hSC16.56 modulators. The human framework
regions of the variable regions were selected based on their
highest sequence homology to the subject mouse framework

0

40 sequence and its canonical structure. For the purposes of the

humanization analysis the assignment of amino acids to each
of the CDR domains is in accordance with Kabat et al. num-
bering (supra).

Molecular engineering procedures were conducted using

45 art-recognized techniques. To that end total mRNA was

extracted from the hybridomas and amplified as set forth in
Example 7 immediately above.

From the nucleotide sequence information, data regarding
V, D and J gene segments of the heavy and light chains of
subject murine antibodies were obtained. Based on the
sequence data new primer sets specific to the leader sequence
of the Ig V, and V. light chain of the antibodies were
designed for cloning of the recombinant monoclonal anti-
body. Subsequently the V-(D)-J sequences were aligned with
mouse Ig germ line sequences. The resulting genetic arrange-

55 ments for each of the five humanized constructs are shown in

Table 1 immediately below.

TABLE 1

human human human FW human human FW
mAb VH DH TH changes VK K changes
hSC16.13 IGHV2-5 IGHDI-1 JH6 None IGKV-02 JK1 None
hSC16.15 VHI1-46 IGHD2-2 JH4 None IGKV-L4 K4 87F
hSC16.25 IGHV2-5 IGHD3-16 JH6 None IGVK-A10 JK2 None
hSC16.34 IGHV1-3 IGHD3-22 JH4 None IGVK-A20 JK1 87F
hSC16.56 IGHV1-18 IGHD2-21 JH4 None IGKV-L2 JK2 None
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The sequences depicted in TABLE 1 correspond to the
annotated heavy and light chain sequences set forth in FIGS.
11A and 11B for the subject clones. More specifically, the
entries in Table 1 above correspond to the contiguous variable
region sequences set forth SEQ ID NOS: 204 and 205
(hSC16.13), SEQ ID NOS: 206 and 207 (hSC16.15), SEQ ID
NOS: 208 and 209 (hSC16.25), SEQ ID NOS: 210 and 211
(bSC16.34) and SEQ ID NOS: 212 and 213 (hSC16.56).
Furthermore, TABLE 1 shows that very few framework
changes were necessary to maintain the favorable properties
of the binding modulators. In this respect there were no
framework changes or back mutations made in the heavy
chain variable regions and only two framework modifications
were undertaken in the light chain variable regions (i.e., 87 F
in hSC16.15 and hSC16.34).

Following humanization of all selected antibodies by CDR
grafting, the resulting light and heavy chain variable region
amino acid sequences were analyzed to determine their
homology with regard to the murine donor and human accep-
tor light and heavy chain variable regions. The results, shown
in Table 2 immediately below, reveal that the humanized
constructs consistently exhibited a higher homology with
respect to the human acceptor sequences than with the murine
donor sequences. More particularly, the murine heavy and
light chain variable regions show a similar overall percentage
homology to a closest match of human germline genes (85%-
93%) compared with the homology of the humanized anti-
bodies and the donor hybridoma protein sequences (74%-
83%).

TABLE 2

Homology
to Human
(CDR acceptor)

Homology to
Murine Parent

mAb (CDR donor)

hSC16.13 HC
hSC16.13 LC
hSC16.15 HC
hSC16.15LC
hSC16.25 HC
hSC16.25 LC
hSC16.34 HC
hSC16.34 LC
hSC16.56 HC
hSC16.56 LC

93%
87%
85%
85%
91%
85%
87%
85%
87%
87%

81%
77%
83%
83%
83%
79%
79%
81%
74%
76%

Upon testing, and as will be discussed in more detail below,
each ofthe humanized constructs exhibited favorable binding
characteristics roughly comparable to those shown by the
murine parent antibodies.

Whether humanized or murine, once the nucleic acid
sequences of the variable regions are determined the antibod-
ies of the instant invention may be expressed and isolated
using art-recognized techniques. To that end synthetic DNA
fragments of the chosen heavy chain (humanized or murine)
variable region were cloned into a human IgG1 expression
vector. Similarly the variable region light chain DNA frag-
ment (again humanized or murine) was cloned into a human
light chain expression vector. The selected antibody was then
expressed by co-transfection of the derived heavy and the
light chain nucleic acid constructs into CHO cells.

More particularly, one compatible method of antibody pro-
duction comprised directional cloning of murine or human-
ized variable region genes (amplified using PCR) into
selected human immunoglobulin expression vectors. All
primers used in Ig gene-specific PCRs included restriction
sites which allowed direct cloning into expression vectors
containing human IgG1 heavy chain and light chain constant
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regions. In brief, PCR products were purified with Qiaquick
PCR purification kit (Qiagen) followed by digestion with
Agel and Xhol (for the heavy chain) and Xmal and Dralll (for
the light chain), respectively. Digested PCR products were
purified prior to ligation into expression vectors. Ligation
reactions were performed in a total volume of 10 ulL with 200
UT4-DNA Ligase (New England Biolabs), 7.5 uL. of digested
and purified gene-specific PCR product and 25 ng linearized
vector DNA. Competent E. co/i DH10B bacteria (Life Tech-
nologies) were transformed via heat shock at42° C. with 3 pl,
ligation product and plated onto ampicillin plates (100
pg/mL). The Agel-EcoRI fragment of the V , region was than
inserted into the same sites of pEE6.4HulgG1 expression
vector while the synthetic Xmal-Dralll VK insert was cloned
into the Xmal-Dralll sites of the respective pEE12.4Hu-
Kappa expression vector.

Cells producing the selected antibody were generated by
transfection of HEK 293 cells with the appropriate plasmids
using 293fectin. In this respect plasmid DNA was purified
with QIAprep Spin columns (Qiagen). Human embryonic
kidney (HEK) 293T (ATCC No CRL-11268) cells were cul-
tured in 150 mm plates (Falcon, Becton Dickinson) under
standard conditions in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% heat inactivated FCS, 100
ng/ml streptomycin, 100 U/mL penicillin G (all from Life
Technologies).

For transient transfections cells were grown to 80% con-
fluency. Equal amounts of IgH and corresponding Igl. chain
vector DNA (12.5 pg of each) was added to 1.5 mL Opti-
MEM mixed with 50 pl. HEK 293 transfection reagent in 1.5
mL opti-MEM. The mix was incubated for 30 min at room
temperature and distributed evenly to the culture plate. Super-
natants were harvested three days after transfection, replaced
by 20 mL of fresh DMEM supplemented with 10% FBS and
harvested again at day 6 after transfection. Culture superna-
tants were cleared of cell debris by centrifugation at 800xg for
10 min and stored at 4° C. Recombinant chimeric and human-
ized antibodies were purified with Protein G beads (GE
Healthcare) and stored under appropriate conditions.

Example 9

Characteristics of DLL3 Modulators

Various methods were used to analyze the binding and
immunochemical characteristics of selected DLL3 modula-
tors generated as set forth above. Specifically, a number of the
antibody modulators were characterized as to affinity, kinet-
ics, binning, binding location and cross reactivity with regard
to human, cynomolgus, rat and mouse antigen recognition
(i.e., using the cells and constructs from Example 6) by art-
recognized methods including flow cytometry. Affinities and
kinetic constants k,,, and k,;of the selected modulators were
measured using bio-layer interferometry analysis on a Forte-
Bio RED (ForteBio, Inc.) or surface plasmon resonance using
a Biacore 2000 each according to the manufacturer’s instruc-
tions.

The characterization results are set forth in tabular form in
FIG. 12 where it may be seen that the selected modulators
generally exhibited relatively high affinities in the nanomolar
range and, in many cases, were cross-reactive. FIG. 12 further
lists the empirically determined modulator bin as well as the
DLL3 domain bound by the subject modulator as determined
using yeast mediated antigen fragment expression such as
described in more detail in Example 10 immediately below.
Additionally, FIG. 12 further includes the ability of the modu-
lators to mediate cytotoxic induced cell killing of an NTX
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kidney tumor line (% Live Cells) determined as set forth in
Example 12 below. Taken together, these data demonstrate
the varied binding properties of the disclosed modulators as
well as their potential for use in a pharmaceutical setting.

As to antibody binning, a ForteBio RED was used per
manufacturer’s instructions to identify competing antibodies
that bound to the same or different bins. Briefly, a reference
antibody (Abl) was captured onto an anti-mouse capture
chip, a high concentration of non-binding antibody was then
used to block the chip and a baseline was collected. Mono-
meric, recombinant human DLL3-Flag (Adipogen Interna-
tional) was then captured by the specific antibody (Abl) and
the tip was dipped into a well with either the same antibody
(Ab1) as a control or into a well with a different test antibody
(Ab2). If additional binding was observed with a new anti-
body, then Ab1 and Ab2 were determined to be in a different
bin. If no further binding occurred, as determined by compar-
ing binding levels with the control Abl, then Ab2 was deter-
mined to be in the same bin. As known in the art this process
can be expanded to screen large libraries of unique antibodies
using a full row of antibodies representing unique bins in a
96-well plate. In the instant case this binning process showed
the screened antibodies bound to at least nine different bins
(designated as Bins A though I in FIG. 12) on the DLL3
protein. Based on the apparent size of the DLL3 antigen
(where the ECD is approximately 56 kD) and the resolution of
the binning methodology employed, it is believed that the
nine identified bins represent the majority of the bins present
on the DLL3 extracellular antigen.

In addition to evaluating the exemplary modulators as set
forth above, flow cytometry was performed in order to con-
firm that selected SC16 antibody modulators can immuno-
specifically associate with human DLL3 and to determine
whether the same modulators cross-react with cynomolgus,
rat and/or murine DLL3. More particularly the exemplary
murine modulators were analyzed by flow cytometry using a
FACSCanto II and 293 cells overexpressing murine, rat,
cynomolgus or human DLL3 (i.e,, h293-hDLL3, h293-
c¢DLL3, h293-rDLL3 and h293-mDLL3 expressing GFP)
substantially as described in Example 6 above. In some cases,
exemplary murine modulators were analyzed by flow cytom-
etry using a FACSCanto II and yeast cells displaying cyno-
mologus DLL3 using the methods described by Cochran etal.
(J Immunol Methods. 287 (1-2):147-158 (2004).

Based on flow cytometry all of the selected antibody modu-
lators were found to bind to human DLL3 over-expressed on
293 cells (data not shown) while a number of the tested
antibodies were found to cross-react with cynomolgus and/or
murine DLL3 (all antibodies reacting with mouse also
reacted with rat). In this regard, and as listed in FIG. 12, it was
found that eight out of the thirteen modulators that immuno-
specifically react with human DLL3 also react with murine
(or rat) DLL3. Specifically mAbs SC16.4, SC16.8, SC16.15,
SC16.34, SC16.39, SC16.46, SC16.51 and SC16.56 were
found to cross-react with murine DLL3 to a greater or lesser
extent while mAbs SC16.7, SC16.10, SC16.13, SC16.25 and
SC16.65 did not appreciably associate with murine DLL3.
Such results are not unexpected given that murine DLL3 is
approximately 83% homologous with isoform 2 of human
DLL3 (see FIG. 2B). It will be appreciated that this cross-
reactivity may be advantageously exploited in the context of
the instant invention through the use of animal models in drug
discovery and development.

Besides the aforementioned assays, humanized constructs
hSC16.13, hSC16.15, hSC16.25, hSC16.34 and hSC16.56
from Example 8 were analyzed to determine if the CDR
grafting process had appreciably altered their binding char-
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acteristics. In this respect the humanized constructs (CDR
grafted) were compared with “traditional” chimeric antibod-
ies comprising the murine parent (or donor) heavy and light
chain variable domains and a human constant region substan-
tially equivalent to that used in the humanized constructs.
With these constructs surface plasmon resonance (SPR) was
conducted using a Biacore 2000 (GE Healthcare) to identify
any subtle changes in rate constants brought about by the
humanization process.

Exemplary results for one of the tested modulators
(SC16.15) and a tabular summary ofthe results for each ofthe
humanized and chimeric constructs are shown in FIGS. 13 A-
13C. Based on a concentration series of 25 and 12.5 nM of
human DLL3 antigen (generating the curves from top to
bottom in the FIGS. 13A and 13B for SC16.15) and using a
1:1 Langmuir binding model, the K, of the SC16.15 antibody
binding to human DLL3 antigen was estimated to be 0.2 nM.
Similar experiments were then run with the other humanized
constructs and chimeric constructs (data not shown) to pro-
vide the affinity values set forth in FIG. 13C. Such results
indicated that the humanization process had not materially
impacted the affinity of the modulators.

Example 10
Domain and Epitope Mapping of DL.L.3 Modulators

In order to characterize and position the epitopes that the
disclosed DLL3 antibody modulators associate with or bind
to, domain-level epitope mapping was performed using a
modification of the protocol described by Cochran et al., 2004
(supra). Briefly, individual domains of DLL3 comprising spe-
cific amino acid sequences were expressed on the surface of
yeast, and binding by each DLL3 antibody was determined
through flow cytometry.

More specifically, yeast display plasmid constructs were
created for the expression of the following constructs: DLL3
extracellular domain (amino acids 27-466); DLL.1-DLL3 chi-
mera, which consists of the N-terminal region and DSL
domain of DLL1 (amino acids 22-225) fused to EGF-like
domains 1 through 6 of DLL3 (amino acids 220-466); DLL3-
DLL1 chimera, which consists of the N-terminal region and
DSL domain of DLL3 (amino acids 27-214) fused to EGF-
like domains 1 through 8 of DLL1 (amino acids 222-518);
EGF-like domain #1 (amino acids 215-249); EGF-like
domain #2 (amino acids 274-310); EGF-like domains #1 and
#2 (amino acids 215-310); EGF-like domain #3 (amino acids
312-351); EGF-like domain #4 (amino acids 353-389); EGF-
like domain #5 (amino acids 391-427); and EGF-like domain
#6 (amino acids 429-465). (For domain information see gen-
erally UniProtKB/Swiss-Prot database entry QINYJ7 which
is incorporated herein by reference. Note that the amino acid
numbering is by reference to an unprocessed DLL3 protein
with a leader sequence such as set forth in SEQ ID NO. 3.) For
analysis of the N-terminal region or the EGF domains as a
whole, chimeras with the family member DLL.1 (DLL1-
DLL3 and DLL3-DLL1) were used as opposed to fragments
to minimize potential problems with protein folding.
Domain-mapped antibodies had previously been shown not
to cross react with DLL1 indicating that any binding to these
constructs was occurring through association with the DLL3
portion of the construct. These plasmids were transformed
into yeast, which were then grown and induced as described
in Cochran et al.

To test for binding to a particular construct, 200,000
induced yeast cells expressing the desired construct were
washed twice in PBS+1 mg/m[ BSA (PBSA), and incubated
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in 50 plL of PBSA with biotinylated anti-HA clone 3F10
(Roche Diagnostics) at 0.1 pg/ml and either 50 nM purified
antibody or 1:2 dilution of unpurified supernatant from hybri-
domas cultured for 7 days. Cells were incubated for 90 min-
utes on ice, followed by 2 washes in PBSA. Cells were then
incubated in 50 pl. PBSA with the appropriate secondary
antibodies: for murine antibodies, Alexa 488 conjugated
streptavidin, and Alexa 647 conjugated goat anti mouse (both
Life Technologies) were added at 1 pug/ml. each, and for
humanized or chimeric antibodies, Alexa 647 conjugated
streptavidin (Life Technologies) and R-phycoerythrin conju-
gated goat anti human (Jackson Immunoresearch) were
added at 1 pg/ml each. After a twenty minute incubation on
ice, cells were washed twice with PBSA and analyzed on a
FACS Canto II. Antibodies that bound to DLL3-DLL1 chi-
mera were designated as binding to the N-terminal region+
DSL. Antibodies that bound specifically to an epitope present
on a particular EGF-like domain were designated as binding
to its respective domain (FIG. 14A).

In order to classify an epitope as conformational (e.g.,
discontinuous) or linear, yeast displaying the DLL3 extracel-
lular domain was heat treated for 30 minutes at 80° C., then
washed twice in ice-cold PBSA. Yeast displaying denatured
antigen (denatured yeast) were then subjected to the same
staining protocol and flow cytometry analysis as described
above. Antibodies that bound to both the denatured and native
yeast were classified as binding to a linear epitope, whereas
antibodies that bound native yeast but not denatured yeast
were classified as conformationally specific.

A schematic summary of the domain-level epitope map-
ping data of the antibodies tested is presented in FIG. 14A,
with antibodies binding a linear epitope underlined and,
where determined, the corresponding bin noted in parenthe-
sis. A review of FIG. 14A shows that the majority of modu-
lators tended to map to epitopes found either in the N-termi-
nal/DSL region of DLL3 or to the second EGF-like domain.
As previously alluded to, FIG. 12 presents similar data
regarding bin determination and domain mapping for a num-
ber of selected modulators in a tabular form.

To document the ability of the disclosed modulators to
effectively eliminate tumorigenic cells despite binding to dif-
ferent DLL3 regions, killing data was correlated with domain
binding. More particularly, FIG. 14B shows modulator medi-
ated in vitro killing of the KDY 66 PDX line (derived as set
forth in Example 12 below) plotted against the binding
domain of the selected modulator. These data show that
domain specific modulator killing is somewhat variable as
measured using this in vitro killing assay. However, for
modulators that are effective, an interesting trend appears
where maximum killing in each domain increases as the
epitope moves towards the N-terminus in the primary
sequence. In particular, maximum killing efficiency improves
from EGF6 to EGF2, and plateaus across the N-terminal
domain, EGF1, and EGF2. Additionally, out of the antibodies
tested in this assay, the highest percentage of efficacious
antibodies bind at the N-terminal domain. This suggests that
modulators that associate or bind with the DSL domain or
N-terminal region of DLL3 may prove to be particularly
effective as drugs or as targeting moieties for cytotoxic
agents.

Fine epitope mapping was further performed on selected
antibodies using one of two methods. The first method
employed the Ph.D.-12 phage display peptide library kit
(New England Biolabs E8110S) which was used in accor-
dance with the manufacturer’s instructions. Briefly, the anti-
body for epitope mapping was coated overnight at 50 pg/ml.
in 3 mL. 0.1 M sodium bicarbonate solution, pH 8, onto a
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Nunc MaxiSorp tube (Nunc). The tube was blocked with 3%
BSA solution in bicarbonate solution. Then, 10! input phage
in PBS+0.1% Tween-20 was allowed to bind, followed by ten
consecutive washes at 0.1% Tween-20 to wash away non-
binding phage. Remaining phage were eluted with 1 mI[. 0.2
M glycine for 10 minutes at room temperature with gentle
agitation, followed by neutralization with 150 pul, 1M Tris-
HCI pH 9. Eluted phage were amplified and panned again
with 10" input phage, using 0.5% Tween-20 during the wash
steps to increase selection stringency. DNA from 24 plaques
of'the eluted phage from the second round was isolated using
the Qiaprep M13 Spin kit (Qiagen) and sequenced. Binding
of clonal phage was confirmed using an ELISA assay, where
the mapped antibody or a control antibody is coated onto an
ELISA plate, blocked, and exposed to each phage clone.
Phage binding was detected using horseradish peroxidase
conjugated anti-M13 antibody (GE Healthcare), and the
1-Step Turbo TMB ELISA solution (Pierce). Phage peptide
sequences from specifically binding phage were aligned
using Vector NTI (Life Technologies) against the antigen
ECD peptide sequence to determine the epitope of binding.

Alternatively, a yeast display method (Chao et al., Nat
Protoc. 1(2): 755-768, 2007) was used to epitope map select
antibodies. Briefly, libraries of DLL3 ECD mutants were
generated with error prone PCR using nucleotide analogues
8-0x0-2'deoxyguanosine-5'-triphosphate and 2'-deoxy-p-
nucleoside-5'triphosphate (both from Trilink Bio) for a tar-
get mutagenesis rate of one amino acid mutation per clone.
These were transformed into a yeast display format. Using the
technique described above for domain-level mapping, the
library was stained for HA and antibody binding at 50 nM.
Using a FACS Aria (BD), clones that exhibited a loss of
binding compared to wild type DLL3 ECD were sorted.
These clones were re-grown, and subjected to another round
of FACS sorting for loss of binding to the target antibody.
Using the Zymoprep Yeast Plasmid Miniprep kit (Zymo
Research), individual ECD clones were isolated and
sequenced. Where necessary, mutations were reformatted as
single-mutant ECD clones using the Quikchange site directed
mutagenesis kit (Agilent).

Individual ECD clones were next screened to determine
whether loss of binding was due to a mutation in the epitope,
or a mutation that caused misfolding. Mutations that involved
cysteine, proline, and stop codons were automatically dis-
carded due to the high likelihood of a misfolding mutation.
Remaining ECD clones were then screened for binding to a
non-competing, conformationally specific antibody. ECD
clones that lost binding to non-competing, conformationally
specific antibodies were concluded to contain misfolding
mutations, whereas ECD clones that retained equivalent
binding as wild type DLL3 ECD were concluded to be prop-
erly folded. Mutations in the ECD clones in the latter group
were concluded to be in the epitope. The results are listed in
TABLE 3 immediately below.

TABLE 3
Antibody Clone Epitope SEQ ID NO:
SC16.23 Q93, P94, G9S5, A96, P97 9
SC16.34 G203, R205, P206 10
SC16.56 G203, R205, P206 10
More particularly, a summary of selected antibodies with
their derived epitopes comprising amino acid residues that are

involved in antibody binding are listed in TABLE 3. In this
respect antibodies SC16.34 and SC16.56 apparently interact
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with common amino acid residues which is consistent with
the binning information and domain mapping results shown
in FIG. 14A. Moreover, SC16.23 was found to interact with a
distinct contiguous epitope and was found not to bin with
SC16.34 or SC16.56. Note that for the purposes of the
appended sequence listing SEQ ID NO: 10 will comprise a
placeholder amino acid at position 204.

Example 11

Flow Cytometry Based Detection of DLL3 on the
Surface of Cells and Immunohistochemical Staining
of DLL3 in Tumors

To confirm the immunospecific nature of the disclosed
modulators, exemplary SC16 antibody modulators were
tested using flow cytometry to determine their ability to selec-
tively recognize engineered 293 cell lines expressing DLL3
protein on their surface. In this regard cells expressing DL.L3
were produced as set forth substantially in Example 6,
exposed to selected modulators and examined by flow cytom-
etry as described herein. Isotype-stained and fluorescence
minus one (FMO) controls were employed to confirm stain-
ing specificity. As demonstrated by the representative data
shown in FIG. 15 for the SC16.56 modulator, some of the
SC16 antibodies (e.g., SC16.56) gave strong staining of 293-
hDLLS3 cells (FIG. 15B) and 293-mDLL3 cells (FIG. 15C),
but not of non-DLL3 expressing parental 293 cells (FIG.
15A). These data demonstrate, via flow cytometry, that the
disclosed modulators immunospecifically recognize human
DLL3, and in the instance of SC16.56, murine DLL3 as well.

To confirm these findings and demonstrate that DLL3
expression could be detected on human tumor cells, DLL3
protein expression on the surface of selected NTX tumors was
assessed by flow cytometry using several exemplary SC16
antibodies. In this regard data for one of these antibodies,
SC16.56, and three particular tumors, OV26, KDY 66, and
LU37, are set forth in FIG. 16. More specifically, NTX tumors
were harvested, dissociated, and co-stained with commer-
cially available anti-mouse CD45, anti-mouse H-2Kd, anti-
human EpCAM and the above-described anti-human/mouse
DLL3 (SC16.56) antibodies. Similar to the 293-staining
experiments described above, isotype-stained and fluores-
cence minus one (FMO) controls were employed to confirm
lack of non-specific staining. As seen in FIG. 16, anti-DLL3
staining was higher in a fraction of the human NTX tumor
cells, as indicated by the fluorescent profile shift to the right,
and by changes in the mean fluorescence intensity (MFI)
values, for the ovarian OV26 NTX (FIG. 16A), kidney
KDY66 NTX (FIG. 16B), and lung LU37 NTX (FIG. 16C)
tumor cell lines. SCLC NTX tumors were also stained in an
identical manner and similarly demonstrated positive expres-
sion of DLL3 (datanot shown). These data suggest that DLLL3
protein is expressed on the surface of various NTX tumors
and therefore amenable to modulation using anti-DLL3 anti-
body type modulators.

To further corroborate the presence of DLL3 protein and
localize it in the tumor architecture, immunohistochemistry
(IHC) was performed on human patient tumor-derived NTX
tumors, normal human tissues and primary SCLC tumors.
More specifically IHC was performed on formalin fixed par-
affin embedded (FFPE) tissue sections, using an indirect
detection method, including a murine monoclonal primary
antibody against DLL3 (SC16.65), mouse specific biotin con-
jugated secondary antibodies, avidin/biotin complex coupled
with horse-radish peroxidase, tyramide signal amplification
and DAB detection (Nakene PK 1968; 16:557-60). When
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staining human patient tumor derived NTX tumors, a mouse
IgG blocking step was used to reduce background due to
non-specific binding. SC16.65 was first validated and con-
firmed to be appropriate for IHC by showing specific staining
in 293 cells overexpressing DLL3, but not non-DLL3
expressing parental 293 cells, and that staining was dimin-
ished in cells treated with DLIL3-targeted hairpins designed
and validated to knockdown expression of DLL.3 RNA and
protein (see Example 14 below, data not shown). IHC on a
panel of xenograft NTX tumors showed that DLL3 is local-
ized both on the membrane and in the cytoplasm of many of
SCLC NTX and NET tumors that previously tested positive
for DLL3 mRNA (FIG. 16D). Staining intensity was scored
from no staining (=) to high expression (+++) with the percent
ofpositive cells also noted. Staining of normal human tissues
showed no detectable expression of DLL3 (FIG. 16E). Sig-
nificantly, staining of primary SCLC tumor samples con-
firmed that 36/43 tumors were positive for DLL3 (FIG. 16F).
Chromagranin A (CHGA) staining was also performed to
confirm that tumors were indeed SCLC tumors. Most tumors
that lacked DLL3 also lacked CHGA staining, indicating
these sections might not contain tumor tissue or that the tissue
was compromised during processing. Two tumors that tested
positive for DLL3 but were negative for CHGA, were both
later stage (1lla) SCLC tumors. This data suggests that DL.L3
provides an effective therapeutic target as it is not generally
expressed in normal human tissues, but is present in the
majority of SCL.C tumors.

Example 12

DLL3 Modulators Facilitate Delivery of Cytotoxic Agents

To determine whether DLL3 antibody modulators of the
instant invention are able to mediate the delivery of a cyto-
toxic agent to live cells, an in vitro cell killing assay was
performed using randomly selected DLL3 antibody modula-
tors.

Specifically 2,500 cells/well of human KDY66, a NET
NTX expressing endogenous DLL3, were dissociated into a
single cell suspension and plated on BD Primaria™ plates
(BD Biosciences) in growth factor supplemented serum free
media as is known in the art, one day before the addition of
antibodies and toxin. Various concentrations of purified
DLL3 modulators, such as those described in Examples 6 and
7, and a fixed concentration of 4 nM anti-Mouse IgG Fab
fragment covalently linked to saporin toxin (Advanced Tar-
geting Systems, #1T-48) were added to the cultures for seven
days. Forkilling on 293-hDLL3, 500 cells/well were plated in
a single cell suspension and plated on BD tissue culture plates
in DMEM with 10% FBS one day before addition of antibod-
ies and toxin. Two concentrations of various DLL3 modula-
tors and a fixed concentration of 2 nM anti-Mouse IgG Fab
fragment covalently linked to saporin were added to the cul-
tures for three days. The ability of the saporin complexes to
internalize and kill cells was determined by enumerating
viable cell numbers using Cell Titer Glo® (Promega) as per
manufacturer’s instructions. Raw luminescence counts using
cultures containing cells with the saporin Fab fragment were
set as 100% reference values and all other counts calculated
accordingly (referred to as “Normalized RL.U”). Using this
assay it was demonstrated that a subset of DLL3 antibodies
tested at 500 and 50 pM killed KDY66 cells, as well as a
subset of antibodies tested at 250 and 25 pM on 293-hDLL3
overexpressing cells (FIG. 17A). Isotype controls did not
affect cell counts as shown by the IgG2a, IgG2b, and MOPC
bars at the left of the graph (FIG. 17A).
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A subset of DLL3 modulators showing efficient killing in
the first assay described above were tested in dilution to
determine EC50 values for activity. Two such representative
antibodies, SC16.34 and SC16.15, are shown in FIG. 17B, in
which it was determined that SC16.15 showed efficient kill-
ing of OV26, an ovarian NET NTX tumor, with a subpico-
molar EC50 (e.g., 0.14 pM) relative to the killing profile
shown by SC16.34 (e.g., 5.7 pM). As saporin kills cells only
upon uptake into the cytoplasm where it inactivates ribo-
somes, this assay also demonstrates that internalization may
occur upon binding of the DLL3-specific antibody to the cell
surface, without the need for additional crosslinking or
dimerization.

Lastly, LU37 was treated with humanized SC16.15 conju-
gated to ADC1 or with a humanized IgG1 control ADC1
(conjugated as per Example 13 immediately below). Specifi-
cally, 2,500 LU37 NTX cells were plated in each well on BD
Primaria™ plates (BD Biosciences) in growth factor supple-
mented serum free media as is known in the art one day before
the addition of the conjugated antibodies. Various concentra-
tions of hulgG1-ADC1 or hSC16.15-ADC were added to the
cultures for seven days, and the ability of the cytotoxic agents
to kill was determined by enumerating cell numbers (as
detailed above). Using this assay it was demonstrated that
hSC16.15-ADC1 efficiently killed LU37. In contrast to
>1,000 ng/ml of control ADC needed to kill 50% of LU37,
<10 ng/ml of hSC16.15-ADC1 killed 50% of LU37 (FIG.
170).

Example 13
Preparation of DLL3 Antibody-Drug Conjugates

Based on the foregoing results with saporin and to further
demonstrate the versatility of the instant invention, anti-
DLL3 antibody drug conjugates (DLL3-ADCs) were pre-
pared using covalently linked cytotoxic agents. More specifi-
cally, DLL3-ADCs were prepared comprising a linker as
described herein, or in the references immediately below, and
selected pyrrolobenzodiazepine (PBD) dimers that were
covalently attached to the disclosed modulators (see, e.g.,
U.S.PNs. 2011/0256157 and 2012/0078028 and U.S. Pat.
No. 6,214,345 each of which is incorporated herein by refer-
ence in its entirety).

PBD drug-linker combinations were synthesized and puri-
fied using art-recognized techniques in view of the cited
references. While various PBD dimers and linkers were
employed to fabricate the selected drug-linker combinations,
each linker unit comprised a terminal maleimido moiety with
a free sulfhydryl. Using these linkers, conjugations were pre-
pared via partial reduction of the mAb with tris(2-carboxy-
ethyl)-phosphine (TCEP) followed by reaction of reduced
Cys residues with the maleimido-linker payload.

More particularly, the selected DLL3 antibody modulator
was reduced with 1.3 mol TCEP per mol mAb for 2 hr at 37°
C. in 25 mM Tris HCI pH 7.5 and 5 mM EDTA buffer. The
reaction was allowed to cool to 15° C. and the linker payload
in DMSO was added at a ratio of 2.7 mol/mol mAb followed
by an additional amount of DMSO to a final concentration of
6% (v/v). The reaction was allowed to proceed for 1 hour. The
unreacted drug-linker was capped by addition of an excess of
N-acetyl cysteine. The DLL3-ADC (or SC16-ADC) was then
purified by ion exchange column using an AKTA Explorer
FPLC system (G.E. Healthcare) to remove aggregated high
molecular weight antibody, co-solvent and small molecules.
The eluted ADC was then buffer-exchanged by tangential
flow filtration (TFF) into formulation buffer followed by con-
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centration adjustment and addition of a detergent. The final
ADC was analyzed for protein concentration (by measuring
UV), aggregation (SEC), drug to antibody ratio (DAR) by
reverse phase (RP) HPLC, presence of unconjugated anti-
body by hydrophobic interaction chromatography (HIC)
HPLC, non-proteinaceous materials by RP HPL.C and in vitro
cytotoxicity using a DLL3 expressing cell line.

Using the aforementioned procedure, or substantially simi-
lar methodology, a number of ADCs (i.e., M-[L-D]n) com-
prising various DLL3 modulators and PBD dimers were gen-
erated and tested in a variety of in vivo and in vitro models.
For the purposes of these Examples and the instant disclo-
sures, such ADCs may generally be termed DLL3-ADCs or
SC16-ADCs. Discrete ADCs will be named according to the
antibody (e.g., SC16.13) and the specific linker-cytotoxic
agent designation ADC1, ADC2, etc. Thus, exemplary modu-
lators compatible with the instant invention may comprise
SC16.13-ADCI or SC16.67-ADC2 where ADC1 and ADC2
represent individual PBD dimer cytotoxic agents (and option-
ally a linker).

Example 14

Specificity of Anti-DLL3 Antibody-Drug Conjugate
Mediated Toxicity

To demonstrate that toxicity from anti-DLL3 antibody-
drug conjugates is specific to cells expressing endogenous
DLL3, experiments were conducted to show that tumor cells
known to have endogenous DLL3 expression are no longer
killed by SC16-ADC in vitro when DLL3 expression is sup-
pressed by knocking down expression of DLLI.3 mRNA and
protein using a short-hairpin RNA (shRNA).

KDY66 is a patient-derived xenograft from a papillary
renal cell carcinoma that exhibits neuroendocrine features
and expresses DLL3 mRNA and protein (e.g., see FIG. 7 and
FIG. 16B). Expression of DLL3 was reduced in KDY 66 cells
by transduction with GIPZ Lentiviral Human DLL3-targeted
shRNA (Thermo Fisher Scientific Inc.) containing an anti-
DLL3 shRNA. More specifically the lentiviral vector was
generated through transfection of 293T cells with a bicis-
tronic lentiviral plasmid expressing anti-DLL3 shRNA
(DLL3HP2) or a control non-silencing shRNA (DLL3NSHP)
in the presence of viral packaging plasmids. Resulting len-
tiviral particles contained in the supernatant were concen-
trated and harvested by ultracentrifugation. These particles
were then used to transduce the KDY 66 cell cultures and
introduce the shRNA (i.e., DLL3HP2 or NSHP) wherein the
anti-DLL3 shRNA binds endogenous DLI.3 mRNA and tar-
gets it for destruction thereby preventing translation into
DLL3 protein. Both vector constructs contained an indepen-
dent GFP expression module for verification of successful
transduction and selection of transduced cells.

Following transduction, expression of DLL3 was evalu-
ated by flow cytometry. Briefly, a sample of disassociated,
single cell suspension of DLL3HP2-transduced cells were
labeled with a DLL3 modulator (SC16.34) conjugated to
Alexa Fluor 647 (Life Technologies) and analyzed on a FACS
Canto II flow cytometer under standard conditions. To dem-
onstrate a reduction of DLL3 protein expression on the sur-
face ofthe DLL3HP2 transduced cells, fluorescence intensity
was compared with a similarly prepared sample of KDY 66
DLL3NSHP cells stained with a non-reactive control anti-
body (647-1gG1) and KDY 66 DLL3NSHP cells stained with
647-DLL3. DLL3NSHP.KDY66 cells were found to exhibit
DLL3 protein expression substantially equivalent to naive
KDY66 cells (data not shown). As seen in FIG. 18A, DLL3
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protein surface expression was reduced in cells transduced
with DLL3HP2 compared with naive cells stained with the
same AlexaFluor-647 labeled antibody.

In order to examine the consequences of DLLL3 expression
on the growth of tumors DLLL3HP2 transduced cells (DLL37)
and naive KDY66 cells (DLL3") were transplanted into
immunodeficient mice. From the sample prepared as
described above, live human GFP* cells were sorted to collect
cells that contain the anti-DLL3 shRNA. Five-mouse cohorts
were injected (140 cells/mouse) with either DLL3HP2 or
naive KDY 66 cells and tumor growth was monitored weekly.
From each cohort, two of five recipients grew tumors. Tumor
formation in the two DLL3HP2.KDY66 recipients lagged
roughly 22 days behind tumor formation in the two naive
KDY 66 recipients (FIG. 18B). This observed delay in growth
suggests that DLL3 expression may be connected to
increased or accelerated tumor formation since knockdown
of DLL3 impacted tumor growth.

As they reached the appropriate volume for randomization
(~160 mm?®), the DLL3HP2 KDY66 tumors and naive
KDY 66 tumors were harvested from recipient mice and dis-
persed into suspensions of single cells. Continued reduction
of DLL3 expression (i.e., that DLL3 expression was not
induced during in vivo growth) in DLL.3HP2 cells was con-
firmed on suspensions of single tumor cells by flow cytometry
as described above. In this respect FIG. 18C shows that
DLL3HP2 transduced cells grown in vitro show reduced
expression of DLL3 protein when compared to naive cells
grown in similar conditions.

Using standard biochemical techniques naive KDY 66 cells
or DLL3HP2 KDY 66 cells were plated into 96 well plates and
grown in serum-free media. A dilution series of either human-
ized hSC16.56-ADC1 (SC16-ADC1) or humanized anti-hap-
ten IgG-ADCI1 (as a control) antibody-drug conjugates pro-
duced as set forth above were added to cells in triplicate. After
7 days of exposure to antibody-drug conjugate, the quantity
of live cells was measured with a luminescence-based detec-
tion of ATP in the cell lysates of each well (Cell Titer Glo,
Promega) substantially as set forth in Example 12.

While 50% of naive KDY 66 cells were killed by a rela-
tively low dose of 13.27 pM SC16-ADC, no dose of SC16-
ADCI1 was able to kill even 20% of DLL3HP2.KDY66 cells
(FIGS. 18D and 18E). Of note, loss of endogenous DLL3
protein expression resulted in a complete loss of in vitro
killing by SC16-ADCI1. This demonstrates that hSC16-
ADCI cytotoxicity is specifically targeted to DLL3-express-
ing cells with little, if any, non-specific toxicity.

Example 15

Conjugated DLL3 Modulators Suppress Tumor
Growth

Based on the aforementioned results work was undertaken
to demonstrate that conjugated DLL3 modulators of the
instant invention shrink and suppress growth of DLL3
expressing human tumors in vivo. In this regard a number of
selected murine antibody modulators were covalently asso-
ciated with a PBD cytotoxic agent and the resulting ADCs
were tested to demonstrate their ability to suppress human
NTX tumor growth in immunodeficient mice.

To this end patient-derived NTX tumors were grown sub-
cutaneously in the flanks of female NOD/SCID recipient
mice using art-recognized techniques. Tumor volumes and
mouse weights were monitored twice weekly. When tumor
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volumes reached 150-250 mm®, mice were randomly
assigned to treatment groups and injected with indicated
doses of SC16-ADC2 or an anti-hapten control IgG1-ADC2
(each produced substantially as described in Example 13
above using the PBD dimer ADC2) via intraperitoneal injec-
tion. Mice were given three equal injections, spaced evenly
across seven days. Following treatment, tumor volumes and
mouse weights were monitored until tumors exceeded 800
mm? or mice became sick. For all tests, treated mice exhibited
no adverse health effects beyond those typically seen in
immunodeficient tumor-bearing NOD/SCID mice.

FIG. 19 shows the impact of the disclosed ADCs on tumor
growth in mice bearing different lung tumors exhibiting neu-
roendocrine features (two small cell lung cancer and one large
cell lung cancer with neuroendocrine features). In this respect
treatment of LU37, a large cell neuroendocrine lung carci-
noma, with three exemplary modulators (SC16.13, SC16.46
and SC16.67) conjugated to ADC2 resulted in tumor growth
suppression lasting as long as 20 days in the case of SC16.13-
ADC2 and SC16.67-ADC2 (FIG. 19A); conversely, though
SC16.46 moderately reduced tumor growth it exhibited less
activity than the other tested modulators. Similarly, treatment
of LU73, a small cell lung carcinoma, with four exemplary
modulators (SC16.4, SC16.13, SC16.15 and SC16.46) pro-
duced durable remissions lasting, in some cases, beyond 120
days post-treatment (FIG. 19B). However, as with the anti-
bodies tested against [LU37, the antibodies tested against
LU73 varied somewhat in the duration of tumor repression.
Finally, treatment of L.LU86, another small cell lung carci-
noma, with two conjugated modulators (SC16.46-ADC2 and
SC16.67-ADC2) produced tumor shrinkage with a time to
progression of 40 days in one case (SC16.67-ADC2; FIG.
19C). Note that in FIG. 19C two of the curves substantially
overlap (mIgG1-ADC2 and SC16.46-ADC2) and are difficult
to distinguish.

The surprising ability of a variety of conjugated modula-
tors to dramatically retard or suppress tumor growth in vivo
for extended periods further validates the use of the DLL3 as
a therapeutic target for the treatment of proliferative disor-
ders.

Example 16

Humanized DLL3-ADC Modulators Suppress
Tumor Growth

Given the impressive results provided by DLL3-ADC2,
additional experiments were performed to demonstrate the
efficacy of exemplary humanized ADC modulators in treating
various types of tumors (including ovarian, lung and kidney
cancer) in vivo. Specifically, selected humanized anti-DLL3
antibodies (hSC16.13, hSC16.15, hSC16.34 and hSC16.56
produced as set forth in Example 8 above) were conjugated
(via a linker unit) to two discrete PBD cytotoxic agents
(ADC1 and ADC2) as described above and, with controls,
administered to NTX tumor implanted immunodeficient
mice as set forth in the previous Example. In each study,
tumor volumes and mouse weights of the control animals
were monitored until tumors exceeded 800 mm® or mice
became sick. The results of these experiments are presented in
FIGS. 20A to 20F.

A review of FIGS. 20A-20F show that tumor volume
reduction and durable remission was achieved in various
tumor types, some exhibiting neuroendocrine features, fol-
lowing treatment with 1 mg/kg hSC16-ADC. For example,
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treatment regimens, where administration is delineated by the
vertical lines in the subject FIGS., produced complete and
durable eliminations of tumor mass in ovarian carcinoma
with neuroendocrine features (OV26,hSC16.15-ADC2, FIG.
20A), a papillary renal cell carcinoma with neuroendocrine
features (KDY 66, hSC16.34-ADCI1, FIG. 20E) and three
small cell lung carcinomas (LU86, hSC16.13-ADC1, FIG.
20B), (LU64,hSC16.13-ADC1, FIG.20C; LU64,hSC16.13-
ADC2+hSC16.13-ADC11, FIG. 20D). Absence of tumor
recurrence was observed for more than 100 days in all these
cases, and in some cases beyond 225 days post-treatment
where mice were followed for an extended period of time.
Additionally, treatment with the disclosed modulators pro-
duced tumor volume reduction and growth suppression in a
clear cell renal cell carcinoma xenograft that exhibits high
levels of DLL3 using a lower dose of 0.5 mg/kg (KDY27,
hSC16.56-ADCI1, FIG. 20F).

Finally, it should be noted that certain recurrent tumors
remained sensitive to hSC16-ADC toxicity. Eighty days after
initial treatment with SC16.13-ADC2, recurrence was
observed in LU64 (FIG. 20D). Treatment of recurrent tumors
with hSC16.13-ADC1 resulted in elimination of observable
tumor mass that persisted more than 100 days after the second
treatment.

Again these results demonstrate the surprising versatility
and applicability of the modulators of the instant invention in
treating a variety of proliferative disorders.

Example 17

Reduction of Cancer Stem Cell Frequency by DLL3
Antibody-Drug Conjugates

As shown in the previous Examples the disclosed modula-
tors are extremely effective in suppressing tumor growth,
particularly in ADC form. Moreover, as demonstrated above,
DLL3 expression is associated with cancer stem cells that are
generally known to be both drug resistant and fuel tumor
recurrence and metastasis. Accordingly, to demonstrate that
treatment with DLL3-ADCs reduces the recurrence potential
of NTX lines, in vivo limiting dilution assays (LDA) were
performed to determine the frequency of tumor-initiating
cells (TIC) in small cell lung cancer tumors following treat-
mentwithhSC16.13-ADC1 (labeled SC16-ADCin FIG. 21).

Patient-derived small cell lung cancer xenograft tumors
(LU9S and LU64) were grown subcutaneously in immuno-
deficient host mice. When tumor volumes averaged 150 mm?-
250 mm?>, the mice were randomly segregated into two groups
of seven mice. Via intraperitoneal injection, mice were
injected on days 0, 4 and 7 (FIGS. 21A and 21D, dashed
vertical lines), with either human IgG1-ADC1 (1 mg/kg; n=7
mice) as a negative control or hSC16.13-ADC (1 mg/kg; n=7
mice). On day 8, two representative mice from each group
were euthanized and their tumors were harvested and dis-
persed to single-cell suspensions. As shown in FIGS. 21A and
21D while tumors treated with higG1-ADC (IgG1-ADC)
continued to grow in the five remaining mice, volumes of
tumors treated with hSC16.13-ADC1 (SC16-ADC) were
reduced to zero or nearly zero in the five remaining mice.

Using standard flow cytometry techniques and a labeled
anti-DLL3 antibody, the two harvested tumors from each of
the two treatment groups were confirmed to have similarly
positive DLL3 expression. The tumors cells from each
respective treatment group were then pooled and live human
cells were isolated by FACS using a FACSAria 111 (Becton
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Dickenson) in accordance with the manufacturer’s instruc-
tions and art-recognized techniques. Briefly, the cells were
labeled with FITC conjugated anti-murine H2Kd and anti-
murine CD45 antibodies (both BioLegend, Inc.) and then
resuspended in 1 pg/ml DAPI. The resulting suspension was
then sorted under standard conditions with DAPI™, mH2Kd~
and mCD45~ human cells being collected and the murine
cells being discarded.

Cohorts of five recipient mice were then transplanted with
either 2000, 500, 120 or 30 sorted live human cells from
tumors treated with hSC16.13-ADC1. For comparison,
cohorts of five recipient mice were transplanted with either
1000, 250, 60 or 15 sorted live human cells from tumors
treated with the control IgG1-ADC1. Tumors in recipient
mice were measured weekly, and individual mice were eutha-
nized before tumors reached 1500 mm?>. After the onset of
tumor growth, the study was ended after four consecutive
weeks without a new tumor appearing in any additional
mouse. At that time, recipient mice were scored as positive or
negative for tumor growth, with positive growth having vol-
umes exceeding 100 mm?>.

Across all injected cells doses, recipients of LU9S cells
treated with hSC16.13-ADC1 produced only one tumor,
compared to twelve in recipients of LU9S5 cells treated with
1gG1-ADCI1 (FIG. 21B). Similarly, recipients of LU64 cells
treated with SC16.13-ADC1 produced three tumors, com-
pared to 13 tumors in recipients of LU64 cells treated with
IgG1-ADC1 (FIG. 21E).

Using Poisson distribution statistics (L-Calc software,
Stemcell Technologies), injected cell doses of recipients with
and without tumors at 18 weeks post-transplant were used to
calculate the frequencies of tumor-initiating cells in each
population. The number of TIC per 10,000 live human cells in
LU95 was reduced more than 100-fold, from 78.1 in tumors
treated with IgG1-ADC to 0.769 in tumors treated with
hSC16.13-ADCI1 (FIG. 21C, from 1:128 cells in the control
treated to 1:12,998 in the modulator treated). In L.U64, the
number of TIC was reduced 16.6-fold, from 47.4 TIC to 2.86
TIC per 10,000 live human cells in tumors treated with IgG1-
ADCI or hSC16.13-ADC1, respectively (FIG. 21F, from
1:211 cells in the control treated to 1:3,500 cells in the modu-
lator treated). This substantial reduction in TIC (e.g., cancer
stem cell) frequency demonstrates that, in addition to reduc-
ing tumor volumes as previously demonstrated, the modula-
tors of the instant invention are significantly and specifically
reducing cancer stem cell populations and, by extension, the
recurrence, metastatic and re-growth potential of the tumors.
This reduction in recurrence and re-growth potential are
strongly evidenced by the significant tumor-free survival
observed in the forgoing Examples.

The complete disclosure of all patents, patent applications,
and publications, and electronically available material (in-
cluding, for example, nucleotide sequence submissions in,
e.g., GenBank and RefSeq, and amino acid sequence submis-
sions in, e.g., SwissProt, PIR, PRF, PBD, and translations
from annotated coding regions in GenBank and RefSeq cited
herein are incorporated by reference. The foregoing detailed
description and examples have been given for clarity of
understanding only. No unnecessary limitations are to be
understood therefrom. The invention is not limited to the
exact details shown and described, for variations obvious to
one skilled in the art will be included within the invention
defined by the claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 413

<210> SEQ ID NO 1

<211> LENGTH: 2387

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

agatataagg cttggaagcc agcagctgeg actcccgaga cecccccace agaaggcecat
ggtcteccca cggatgtceg ggctectete ccagactgtg atcctagege tcattttect
cccccagaca cggeccgetg gegtettega getgeagate cactcettteg ggecgggtece
aggcectggyg geccegeggt cecectgeag cgecceggete cectgecgee tettettecag
agtctgectyg aagectggge tcetcagagga ggecgecgag teceegtgeg ccectgggege
ggcgcetgagt gegegeggac cggtctacac cgagcagece ggagegeccg cgectgatet
cccactgece gacggectet tgcaggtgee ctteegggac gectggectyg gcaccttete
tttcatcate gaaacctgga gagaggagtt aggagaccag attggaggge ccgectggag
cctgetggeg cgegtggetyg geaggeggeg cttggeagee ggaggecegt gggeccggga
cattcagege gcaggegect gggagetgeg cttetegtac cgegegeget gegagecgece
tgcegteggyg accgegtgea cgegectetyg cegtecgege agegeccect cgeggtgegg
tcegggactyg cgecectgeg caccgetega ggacgaatgt gaggegeege tggtgtgecg
agcaggctge agccctgage atggettetyg tgaacagece ggtgaatgee gatgectaga
gggctggact ggacccctet gcacggtece tgtctccace agcagctgeco tcagecccag
gggccegtee tcetgetacca ceggatgect tgtccctggg cctgggecct gtgacgggaa
ccegtgtgee aatggaggca getgtagtga gacacccagg tectttgaat gcacctgecce
gegtgggtte tacgggetge ggtgtgaggt gageggggtg acatgtgcag atggacectg
cttcaacgge ggcttgtgtg tegggggtge agaccctgac tetgectaca tcetgecactg
cccacceggt ttecaagget ccaactgtga gaagagggtg gaceggtgca gectgcagece
atgccgcaat ggeggactcet gectggacct gggccacgece ctgegetgee getgecgege
cggettegeg ggtecteget gegagcacga cctggacgac tgegegggee gegectgege
taacggcgge acgtgtgtgg agggeggegg cgegeaccge tgctceetgeg cgetgggett
cggeggeage gactgeogeg agegegegga ccegtgegee gegegecect gtgctcacgg
cggecgetge tacgeccact teteeggect cgtetgeget tgegetceceg getacatggg
agcgeggtgt gagtteccag tgcacccega cggegcaage gecttgeeeg cggeccegece
gggcctcagg cceggggace ctcagegeta ccttttgect ceggetetgg gactgetegt
ggcegeggge gtggecggeg ctgegetett getggtecac gtgegecgeco gtggecacte
ccaggatget gggteteget tgetggetgg gaccecggag cegtcagtee acgcactccce
ggatgcactc aacaacctaa ggacgcagga gggttceggg gatggtccega getegteegt
agattggaat cgccctgaag atgtagacce tcaagggatt tatgtcatat ctgctcctte
catctacget cgggaggtag cgacgccect ttteececeg ctacacactyg ggegegetgg
gcagaggcag cacctgettt ttcectacce ttectegatt ctgtcegtga aatgaattgg
gtagagtcte tggaaggttt taagcccatt ttcagttcta acttacttte atectatttt

gcatcecctet tatcgttttg agctacctge catcttetet ttgaaaaacc tatgggettg

aggaggtcac gatgccgact ccgecagage ttttecactg attgtactca geggggagge
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-continued
aggggaggca gaggggcagc ctctctaatg cttectactce attttgttte taggectgac 2160
gcgtetecte catccgecace tggagtcaga gecgtggattt ttgtatttge tcggtggtge 2220
ccagtctectg ccccagaggce tttggagttc aatcttgaag gggtgtctgg gggaacttta 2280
ctgttgcaag ttgtaaataa tggttattta tatcctattt tttctcaccce catctctcta 2340
gaaacaccta taaaggctat tattgtgatc agttttgact aacaaaa 2387
<210> SEQ ID NO 2
<211> LENGTH: 2052
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
agatataagg cttggaagcc agcagctgeg actcccgaga ccecccccacce agaaggcecat 60
ggtectcceca cggatgtceg ggctectete ccagactgtg atcctagege tcattttect 120
cceccagaca cggecegetyg gegtcettega getgcagate cactettteg ggecgggtece 180
aggcectggg gcccegeggt ccccctgeag cgeccggete cectgecgee tettettcag 240
agtctgectyg aagectggge tctcagagga ggecgcecgag teceegtgeyg ccectgggege 300
ggegetgagt gegegeggac cggtctacac cgagcagcece ggagcegeccg cgectgatet 360
cccactgece gacggectcet tgcaggtgece cttecgggac gectggectyg gcaccttete 420
tttcatcatce gaaacctgga gagaggagtt aggagaccag attggagggce ccgectggag 480
cetgetggeg cgegtggetyg gecaggeggeg cttggcagee ggaggcecegt gggeccggga 540
cattcagcege gcaggegect gggagetgeg cttetegtac cgegegeget gcegagecgece 600
tgcegteggg accgegtgca cgegectetyg cegtecgege agegeccect cgeggtgcegyg 660
tcegggactyg cgccectgeg caccgetega ggacgaatgt gaggegecge tggtgtgecg 720
agcaggctge agccectgage atggcettetg tgaacagecce ggtgaatgece gatgectaga 780
gggctggact ggaccecctet gcacggtece tgtctecace agcagcetgec tcagecccag 840
gggecegtece tcetgctacca ccggatgect tgtcecctggg cctgggecct gtgacgggaa 900
ccegtgtgee aatggaggca getgtagtga gacacccagyg tectttgaat gcacctgece 960
gcgtgggtte tacgggctge ggtgtgaggt gagcggggtyg acatgtgcag atggaccctg 1020
cttcaacggce ggcttgtgtyg tegggggtge agaccctgac tcectgcctaca tetgecactg 1080
cccacceggt ttccaaggcet ccaactgtga gaagagggtyg gaccggtgca gcctgcagece 1140
atgccgcaat ggcggactct gectggacct gggecacgece ctgegetgee getgecgege 1200
cggcettegeg ggtecteget gegagcacga cetggacgac tgcgegggee gegectgege 1260
taacggcggce acgtgtgtgg agggcggcgg cgcgcaccgce tgctecctgeg cgectgggett 1320
cggeggecge gactgecgeg agecgegegga ceegtgegece gegegeccect gtgcetcacgg 1380
cggccgetge tacgcccact tetceccggect cgtetgeget tgcecgectcecceg getacatggg 1440
agcgeggtgt gagtteccag tgcaccecga cggegcaage gecttgeceyg cggecccgee 1500
gggcctcagg cccggggace ctcagcgcta ccecttttgecet cceggetetgg gactgctegt 1560
ggcegeggge gtggecggeg ctgcegcetett getggtceccac gtgcgcecgece gtggccacte 1620
ccaggatgct gggtctceget tgetggetgg gaccccggag ccgtcagtece acgcactcecce 1680
ggatgcactc aacaacctaa ggacgcagga gggttccggg gatggtccga gctegtecegt 1740
agattggaat cgccctgaag atgtagaccce tcaagggatt tatgtcatat ctgctcectte 1800
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138

catctacgcet
tttttgtatt
aaggggtgte
ttttttcteca
actaacaaaa
<210> SEQ I
<211> LENGT

<212> TYPE:
<213> ORGAN

cgggaggect gacgegtete
tgcteggtgyg tgcccagtet
tgggggaact ttactgttge
ccccatetet ctagaaacac
aa

D NO 3

H: 618

PRT
ISM: Homo sapiens

<400> SEQUENCE: 3

Met Val Ser
1

Ala Leu Ile

Gln Ile His

Pro Cys Ser

50

Lys Pro Gly
65

Ala Ala Leu

Pro Ala Pro

Arg Asp Ala

115

Glu Glu Leu
130

Arg Val Ala
145

Asp Ile Gln

Arg Cys Glu

Pro Arg Ser
195

Pro Leu Glu
210

Ser Pro Glu
225

Glu Gly Trp

Cys Leu Ser

Pro Gly Pro
275

Cys Ser Glu
290

Tyr Gly Leu
305

Cys Phe Asn

Pro Arg Met Ser Gly
5

Phe Leu Pro Gln Thr
20

Ser Phe Gly Pro Gly
Ala Arg Leu Pro Cys
55

Leu Ser Glu Glu Ala
70

Ser Ala Arg Gly Pro
85

Asp Leu Pro Leu Pro
100

Trp Pro Gly Thr Phe
120

Gly Asp Gln Ile Gly
135

Gly Arg Arg Arg Leu
150

Arg Ala Gly Ala Trp
165

Pro Pro Ala Val Gly
180

Ala Pro Ser Arg Cys
200

Asp Glu Cys Glu Ala
215

His Gly Phe Cys Glu
230

Thr Gly Pro Leu Cys
245

Pro Arg Gly Pro Ser
260

Gly Pro Cys Asp Gly
280

Thr Pro Arg Ser Phe
295

Arg Cys Glu Val Ser
310

Gly Gly Leu Cys Val

ctccatcege

ctgccccaga

aagttgtaaa

ctataaaggc

Leu

Arg

25

Pro

Arg

Ala

Val

Asp

105

Ser

Gly

Ala

Glu

Thr

185

Gly

Pro

Gln

Thr

Ser

265

Asn

Glu

Gly

Gly

Leu

10

Pro

Gly

Leu

Glu

Tyr

90

Gly

Phe

Pro

Ala

Leu

170

Ala

Pro

Leu

Pro

Val

250

Ala

Pro

Cys

Val

Gly

Ser

Ala

Pro

Phe

Ser

75

Thr

Leu

Ile

Ala

Gly

155

Arg

Cys

Gly

Val

Gly

235

Pro

Thr

Cys

Thr

Thr
315

Ala

acctggagtce agagcgtgga
ggctttggag ttcaatcttg
taatggttat ttatatccta

tattattgtg atcagttttg

Gln Thr Val Ile Leu
15

Gly Val Phe Glu Leu
30

Gly Ala Pro Arg Ser
45

Phe Arg Val Cys Leu
60

Pro Cys Ala Leu Gly
80

Glu Gln Pro Gly Ala
95

Leu Gln Val Pro Phe
110

Ile Glu Thr Trp Arg
125

Trp Ser Leu Leu Ala
140

Gly Pro Trp Ala Arg
160

Phe Ser Tyr Arg Ala
175

Thr Arg Leu Cys Arg
190

Leu Arg Pro Cys Ala
205

Cys Arg Ala Gly Cys
220

Glu Cys Arg Cys Leu
240

Val Ser Thr Ser Ser
255

Thr Gly Cys Leu Val
270

Ala Asn Gly Gly Ser
285

Cys Pro Arg Gly Phe
300

Cys Ala Asp Gly Pro
320

Asp Pro Asp Ser Ala

1860

1920

1980

2040

2052
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325

Tyr Ile Cys His Cys Pro Pro Gly
340

Arg Val Asp Arg Cys Ser Leu Gln
355 360

Leu Asp Leu Gly His Ala Leu Arg
370 375

Gly Pro Arg Cys Glu His Asp Leu
385 390

Ala Asn Gly Gly Thr Cys Val Glu
405

Cys Ala Leu Gly Phe Gly Gly Arg
420

Cys Ala Ala Arg Pro Cys Ala His
435 440

Ser Gly Leu Val Cys Ala Cys Ala
450 455

Glu Phe Pro Val His Pro Asp Gly
465 470

Pro Gly Leu Arg Pro Gly Asp Pro
485

Leu Gly Leu Leu Val Ala Ala Gly
500

Val His Val Arg Arg Arg Gly His
515 520

Leu Ala Gly Thr Pro Glu Pro Ser
530 535

Asn Asn Leu Arg Thr Gln Glu Gly
545 550

Val Asp Trp Asn Arg Pro Glu Asp
565

Ile Ser Ala Pro Ser Ile Tyr Ala
580

Pro Pro Leu His Thr Gly Arg Ala
595 600

Pro Tyr Pro Ser Ser Ile Leu Ser
610 615

<210> SEQ ID NO 4

<211> LENGTH: 587

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Val Ser Pro Arg Met Ser Gly
1 5

Ala Leu Ile Phe Leu Pro Gln Thr
20

Gln Ile His Ser Phe Gly Pro Gly
35 40

Pro Cys Ser Ala Arg Leu Pro Cys
50 55

Lys Pro Gly Leu Ser Glu Glu Ala
65 70

Phe

345

Pro

Cys

Asp

Gly

Asp

425

Gly

Pro

Ala

Gln

Val

505

Ser

Val

Ser

Val

Arg

585

Gly

Val

Leu

Arg

25

Pro

Arg

Ala

330

Gln

Cys

Arg

Asp

Gly

410

Cys

Gly

Gly

Ser

Arg

490

Ala

Gln

His

Gly

Asp

570

Glu

Gln

Lys

Leu

10

Pro

Gly

Leu

Glu

Gly

Arg

Cys

Cys

395

Gly

Arg

Arg

Tyr

Ala

475

Tyr

Gly

Asp

Ala

Asp

555

Pro

Val

Arg

Ser

Ala

Pro

Phe

Ser
75

Ser

Asn

Arg

380

Ala

Ala

Glu

Cys

Met

460

Leu

Leu

Ala

Ala

Leu

540

Gly

Gln

Ala

Gln

Gln

Gly

Gly

Phe

60

Pro

Asn

Gly

365

Ala

Gly

His

Arg

Tyr

445

Gly

Pro

Leu

Ala

Gly

525

Pro

Pro

Gly

Thr

His
605

Thr

Val

Ala

45

Arg

Cys

Cys

350

Gly

Gly

Arg

Arg

Ala

430

Ala

Ala

Ala

Pro

Leu

510

Ser

Asp

Ser

Ile

Pro

590

Leu

Val

Phe

30

Pro

Val

Ala

335

Glu

Leu

Phe

Ala

Cys

415

Asp

His

Arg

Ala

Pro

495

Leu

Arg

Ala

Ser

Tyr

575

Leu

Leu

Ile

15

Glu

Arg

Cys

Leu

Lys

Cys

Ala

Cys

400

Ser

Pro

Phe

Cys

Pro

480

Ala

Leu

Leu

Leu

Ser

560

Val

Phe

Phe

Leu

Leu

Ser

Leu

Gly
80
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Ala

Pro

Arg

Glu

Arg

145

Asp

Arg

Pro

Pro

Ser

225

Glu

Cys

Pro

Cys

Tyr

305

Cys

Tyr

Arg

Leu

Gly

385

Ala

Cys

Cys

Ser

Glu
465

Pro

Leu

Ala

Ala

Asp

Glu

130

Val

Ile

Cys

Arg

Leu

210

Pro

Gly

Leu

Gly

Ser

290

Gly

Phe

Ile

Val

Asp

370

Pro

Asn

Ala

Ala

Gly
450
Phe

Gly

Gly

Leu

Pro

Ala

115

Leu

Ala

Gln

Glu

Ser

195

Glu

Glu

Trp

Ser

Pro

275

Glu

Leu

Asn

Cys

Asp

355

Leu

Arg

Gly

Leu

Ala

435

Leu

Pro

Leu

Leu

Ser

Asp

100

Trp

Gly

Gly

Arg

Pro

180

Ala

Asp

His

Thr

Pro

260

Gly

Thr

Arg

Gly

His

340

Arg

Gly

Cys

Gly

Gly

420

Arg

Val

Val

Arg

Leu

Ala

85

Leu

Pro

Asp

Arg

Ala

165

Pro

Pro

Glu

Gly

Gly

245

Arg

Pro

Pro

Cys

Gly

325

Cys

Cys

His

Glu

Thr

405

Phe

Pro

Cys

His

Pro
485

Val

Arg

Pro

Gly

Gln

Arg

150

Gly

Ala

Ser

Cys

Phe

230

Pro

Gly

Cys

Arg

Glu

310

Leu

Pro

Ser

Ala

His

390

Cys

Gly

Cys

Ala

Pro
470

Gly

Ala

Gly

Leu

Thr

Ile

135

Arg

Ala